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Rice research in the CGIAR System A/ 
Issues concerning rice research in the CGIAR system were examined in 
relation to the External Program and Management Reviews (EPMRs) of IRRI and 
WARDA, the two centers’ MTPs, an intercenter rice review, and TAC’s draft Strategy 
Statement on Rice Research. 
The agenda was structured in such a way that members of the Group could 
comment on matters specific to the two centers as well as on broad strategic issues 
including intercenter responsibilities and resource allocations. 
The EPMRs were introduced by the chairmen of the review panels - David 
Bell (IRRI) and Declan Walton (WARDA). The centers were represented by Board 
Chairs and Directors General - Walter Falcon and Klaus Lampe (IRRI); Henri 
Carsalade and Eugene Terry (WARDA). Grant Scobie, chairman of the panel, 
introduced the intercenter rice review. 
Inaugurating discussion of the agenda item as part of a unified theme, the 
Chairman reminded the Group that consideration of individual center programs and 
plans could lead to the emergence of major issues that relate to rice research 
generally, to the niche of CGIAR centers in global rice research activities, and to 
continental rice research responsibilities. He suggested that the Group should 
consider center-specific discussions as entry points for consideration of broader issues. 
Some major questions that he felt the CGIAR system should address were the 
need to double rice production in 30 years, the need for higher yields, concern about 
declining yields, and the need to balance productivity with sustainability. 
Extract from “Summary of Proceedings and Decisions”, CGIAR Mid-Term 
Meeting 1993, San Juan, Puerto Rico 
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Setting the context for a consideration of rice research issues, TAC’s draft 
strategy statement pointed out that rice is the most important food crop in the world 
and is the major staple for 2.7 billion people in Asia alone. Over 90 percent of the 
world’s rice production is both produced and consumed in Asia. Global demand for 
rice is projected to grow at a rate at least equal to population growth rates and by the 
year 2030 the amount of rice needed will be more than double present output. Of 
the extra output of rice to be produced, 91.3 percent will be needed in Asia, 3.8 
percent in Sub-Saharan Africa, 3.8 percent in Latin America, and 1.1 percent in West 
Asia/North Africa (WANA). 
Currently, the TAC statement said, the CGIAR allocates 65.6 percent of core 
expenditures for rice improvement to Asia,, 21.4 percent to Sub-Saharan Africa (17.1 
percent to West Africa), 10.7 percent to Latin America and the Caribbean, and 2.3 
percent to WANA. 
TAC observed, as well, that there are four major themes in international rice 
research to which the CGIAR must make ;a major contribution: 
. Raise the yield ceiling, which has not increased significantly since IR8 was 
released in 1966; 
. Close the gaps between potential yields and those achieved in farmers’ fields; 
. Sustain current yields - sustainability issues in this connection include the 
problems of the less favorable rainfed environments as well as those of yield 
decline in irrigated systems; and 
. Build or strengthen national researcth capacity. 
In the course of the discussion, the chairmen of all three review panels 
emphasized the importance of rice researclh in the CGIAR system. Mr. Scobie said 
that research is an essential component of the increased productivity that will be 
required to meet the world’s growing food requirements. Mr. Bell said that major 
strategic problems such as the yield ceiling and the decline in factor productivity were 
not likely to be overcome unless IRRI takes the lead in mobilizing scientific and 
financial resources to deal with them. Mr. Walton, who described rice as “a star crop” 
in West Africa - on account of the high rate at which the demand for rice is 
increasing - argued the need for a major rice research program in the region. 
Mr. Bell presented a highly positive assessment of IRRI. The central finding 
of the review panel, he said, is that IRRI has emerged successfully from a period of 
change and is ready to settle down to a period of solid, productive work. 
On the program side, he said, the review panel found the center to be well 
into a major transformation, with more emphasis on strategic research, more attention 
to less favorable rice growing environments, more concern with equity, sustainability, 
and resource management, all carried out without diverting the center’s attention 
from germplasm improvement and production in more favorable environments. 
In the area of management, he said,, IRRI has made major changes in scientific 
organization, management systems, financial administration, and Board functions. 
. . . 
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Under a new organizational pattern, research at IRRI is organized by ecosystem, 
irrigated, rainfed, lowland, upland, deep water, plus a cross-ecosystems program to 
attend to subject matter that does not fall neatly into the ecosystem categories. 
Other developments drawing positive comment from the review panel included 
staff changes with a consequent transfusion of new ideas; a range of improvements in 
the management of center affairs; and relations with national agricultural research 
systems that were creative as well as productive. 
Mr. Walton commended WARDA for having responded to the challenge 
posed by the CGIAR in 1986 when the Group urged that the center should undergo a 
substantial transformation. In 1993, Mr. Walton said, WARDA is depoliticized and 
well managed with a soundly designed program that holds out the prospect of a 
significant impact within a reasonable time. 
WARDA successfully reconciles its dual personality as an instrument of 17 
member states in the region and as an autonomous international research center 
within the CGIAR system, Mr. Walton added. WARDA’s Council of Ministers had 
proved to be an asset, providing the center with policy level access in all member 
states. 
He commended WARDA’s model of collaboration with national research 
systems, which is based on joint task forces that share out research tasks among 
WARDA and individual national systems on the basis of comparative advantage. 
Noting that there is a strong need for rice research in West Africa, Mr. Walton 
said the review panel had examined various alternatives by which this research could 
be carried out - including a merger of WARDA with IITA - and concluded that 
WARDA remains the best option. WARDA must have a reasonably assured future, 
he said. 
Mr. Scobie summarized the conclusions of the intercenter rice review within a 
framework of major issues such as population, equity, technological change, 
sustainability, and resource allocation. 
The crux of the review panel’s approach was that rice research in the CGIAR 
system should concentrate on global needs, both in its elaboration of research 
programs and in its allocation of resources. The current regional balance of funding 
is not aligned with the future needs for increasing rice production. Dealing 
specifically with the two rice centers, whose work was being discussed, the review 
argued that: 
. IRRI, the center responsible for global commodity leadership and for Asia 
must have funding commensurate with its task, and 
. WARDA cannot continue to operate as an independent commodity-based 
center for a relatively small region with reduced funding. 
Mr. McCalla suggested that discussion of rice research issues should not focus 
solely on regional perspectives, a single region, or a single institution. The major 
issue was how best the CGIAR system could respond to the needs of developing 
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countries. The system’s response would involve not only IRRI and WARDA but also 
CIAT, IITA, IFPRI, IBPGR, IIMI, and ISNAR. 
Commenting on resource allocation for rice research in West Africa, Mr. 
McCalla noted that WARDA as an institution needs to be sustained but that it is at 
or below critical mass level. There was a need for research to be done, he added, on 
the sustainability of rice-based cropping systems in West Africa, and both WARDA 
and IITA have important roles to play. 
The Group commended review chairmen and center representatives for frank 
and transparent presentations. There was general agreement on the need for rice 
research to continue within the system at a high level of intensity and intercenter 
collaboration. IRRI and WARDA were both commended for having managed a 
series of changes and for their willingness to continue undertaking other changes that 
might be necessary. IRRI’s role as a flagship center of the system was recognized and 
the center was urged to “serve the whole world” with its efforts. IRRI’s program 
emphases were considered to be consistent with the development needs it seeks to 
satisfy. 
Some reservations were expressed about the case for a single center rice 
program in West Africa, and about the critical mass of scientists at WARDA. 
Overall, there was a consensus that the Group should continue to support WARDA. 
Summing up the discussion, the Chairman said that the Group had reaffirmed 
the importance of rice as a crop that is the most used staple in developing countries. 
The external reviews of both centers were endorsed. TAC’s recommendations on 
their MTPs would come up at ICW93 for (decisionmaking by the Group. The Group 
wished that the CGIAR system should intensify and consolidate its rice research 
programs so as to continue its contribution toward increasing the productivity of rice 
and promoting the sustainability of production. The Group agreed that many centers 
should be involved in different aspects of this activity. 
The Chairman said IRRI’s role as a mature center that has made many 
innovations and is engaged in programs that are relevant to current production or 
environmental problems was widely acknolwledged. IRRI was commended for its 
relations with national systems and for its development of creative partnership 
arrangements. 
The Chairman noted a strong sentiment for the Group to continue supporting 
WARDA and encouraging its innovative mechanisms for collaboration with national 
systems. The Group felt that for WARDA to fulfil its role it should be funded at or 
about the current level. While WARDA was urged to continue its own research 
programs, it also was advised to undertake: research partnerships with IITA on rice- 
based farming systems in the inland valleys of West Africa. WARDA’s role in 
ecoregional research was viewed as requiring further elaboration. 
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Dear Mr. Rajagopalan, 
It is my pleasure to submit to you the Report of the Inter-Centre Review of 
Rice, “Investment in Rice Research in the CGIAR: A Global Perspective”, 
conducted by a Panel chaired by Professor Grant Scobie of New Zealand. The 
Panel Report and the responses of IRRI, WARDA, CIAT and IFPRI were 
considered by TAC at its 60th meeting in Rome from 20 March to 3 April 1993. 
TAC commends the Panel for a thought-provoking and well-reasoned review 
of CGIAR investments in rice research. The Panel’s report is analytical, and 
highlights clearly and comprehensively the major issues currently faced by the 
CGIAR in developing priorities and strategies for rice research. 
I attach a copy of TAC’s draft strategy statement on rice research in the 
CGIAR. This statement incorporates TAC’s comments on the Inter-Centre Review 
of Rice, and is based also on the reports from the 1992 IRRI and 1993 WARDA 
External Reviews, the latest Medium-Term and Strategic Plans of IRRI, WARDA, 
CIAT, IFPRI and IITA, and the 1992 Review of CGIAR Priorities and Strategies. 
TAC believes that rice research should continue to be assigned very high 
priority in the work of the CGIAR, and that the overall level of System effort should 
not be reduced. In the draft statement, TAC explicitly addresses the issue of the 
Mr. Visvanathan Rajagopalan 
CGIAR Chair 
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1818 H Street, N.W. 
Washington, DC 20433 
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Mail address: Technical Advisory CommKGIAR, University of California, Davis, CA 956 16 
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CGIAR’s apparent over-investment in rice research in West Africa, and in the 
upland and rainfed lowland ecosystems. The Committee also makes a 
recommendation regarding the future role Iof WARDA in the CGIAR. 
I look forward to a stimulating discussion at the Mid-Term Meeting in Puerto 
Rico. 
Yours sincerely, 
Alex M&alla 
Chair,, TAC 
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Strategy Statement on Rice Research in the CGIAR 
1. Rice is the most important food crop in the world and is the major staple for 
2.7 billion people in Asia alone. Over 90% of rice is produced and consumed in Asia. 
Rice is a minor crop in developed countries which account for less than 5 % of global 
production. International trade in rice is relatively insignificant as almost all the rice is 
consumed in the country in which it is produced. 
2. Global demand for rice is projected to grow at rates at least equal to population 
growth rates and by the year 2030 the amount of rice needed will be more than double 
present output. At the same time, there is limited scope for increasing the net area sown 
to rice, especially in Asia. In most rice growing regions, the area of irrigated land 
cannot be expanded greatly, either because water resources are limited or the required 
investments in new schemes are not likely to be made. Productivity improvement, 
including more efficient use of water, will have to be the dominant source of output 
growth during the next 4 decades. 
3. The rate of growth of rice yields in the highest yielding areas of Asia has 
slowed down, there is evidence of declining factor productivity in irrigated rice systems 
and in some intensively managed systems there is even evidence of yield decline. Yet, to 
meet the future global demand, yields will need to virtually double. This represents a 
major scientific and policy challenge. 
4. Significant growth in research expenditures of national programmes, together 
with strong international and bilateral support, has been a major factor in increasing 
output in the last 3 decades. Modern varieties developed from focused research efforts 
have spread to more than 50% of the world’s rice area and have allowed for an increase 
in rice production which was sufficient to feed about 600 million more people. 
5. The CGIAR accounts for approximately 6% of public-sector investment in rice 
research for developing countries. Although the CGIAR is a relatively small actor, it has 
contributed significantly to the stock of knowledge and human capital in rice science. 
The rate of return on this investment has been substantial. The CGIAR currently 
allocates just under US$40 million annually to rice research, representing approximately 
19% of the system’s core resources allocated to commodity research. This share is 
largely congruent with the share of rice in the overall value of production of agricultural 
commodities. The growth of both national and international funding of research appears 
to have slowed down in the 198Os, and in recent years, real investment in rice research 
may well have declined. This reinforces the need for increased efficiency of resource 
allocation. 
6. There are 3 major themes in international rice research to which the CGIAR 
must make a major contribution: (i) raise the yield ceiling, which has not increased 
significantly since IRS was released in 1966; (ii) close the yield gaps between potential 
yields and those achieved in farming practice; and, (iii) sustain current yields - 
sustainability issues include the problems of the less-favourable rainfed environments 
where rice is an important component of cropping systems, as well as those of yield 
. . . 
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decline in intensive irrigated systems. In addition, the CGIAR should contribute to 
building national research capacity to complement its research activities. 
7. Of the extra output of rice to be produced by the year 2030, 91.3 % will be 
needed in Asia, 3.8% in sub-Saharan Africa, 3.8% in Latin America and 1.1% in West 
Asia and North Africa (WANA). The CGIAR currently allocates 65.6 % of core 
expenditures for rice improvement research to Asia, 21.4% to sub-Saharan Africa (17.1% 
to West Africa), 10.7% to Latin America and the Caribbean, and 2.3% to WANA. 
8. Rice is grown in 4 major productiae environments or ‘ecosystems’ which have 
been broadly defined on the basis of water regime: irrigated areas, accounting for 71% of 
rice output, rainfed lowlands for 19%) uplands for 7% and deepwater/tidal areas for 4%. 
By 2030, 70.1% of increased output will havIe to be generated by the irrigated areas 
which currently account for 42.7% of CGIAR core research expenditures, 20.8% by the 
rainfed lowlands which currently account for 24.9% of CGIAR core expenditures, 6.3% 
by the uplands which account for 21.5% of expenditures and 2.9% by deepwater/tidal 
areas which account for 10.9% of CGIAR co,re expenditures. 
9. In view of the magnitude of the challenge faced by the CGIAR, and the high 
rates of return on its investments in rice research, TAC recommends that the global share 
of CGIAR funding for rice research should nlot be reduced. 
10. TAC considered the wide variation between regions in intensity of rice 
research. On the basis of modified congruence, the CGIAR appears to be under-investing 
in priority areas of Asia and over-investing in sub-Saharan Africa, particularly in West 
Africa. The relative allocation to Latin America and the Caribbean and to WANA 
appears to be about right. TAC believes that a congruence analysis provides a useful 
input into the process of setting research priorities but that other factors such as potential 
for payoff to research, differential capacities Iof NARS to complement the work of the 
CGIAR, chances of success, need for a minimum critical mass and advantage of the 
CGIAR also need to be taken into account. 
11. TAC gave careful consideration to the future needs and opportunities for rice 
research in West Africa. While TAC reiterates its earlier views that on straight economic 
grounds, there is not a good case for the present level of CGIAR expenditures on rice 
research in West Africa, it also took into account the projected need for research on the 
environmental problems of important upland :farming systems of West Africa in which 
rice is a significant component. TAC also reiterates its views expressed in the 1992 
paper ‘Review of CGIAR Priorities and Strategies’ that, given the CGIAR’s decision to 
support a major upland rice improvement effort in West Africa, it recommended a 
minimum effort in terms of senior staff years in order to have a reasonable chance of 
success. On the basis of a number of indicators, an appropriate programme level might 
be in the order of around $3 million in constant 1992 US dollars per year, which is 
substantially less than the amount currently being allocated. Such a programme would 
continue to provide core funding for research in West Africa to breed rice for local 
adaptation (with strong links to IRRI’s work on germplasm improvement), and for the 
work on the sustainability of important ricebased farming systems. Given the increasing 
overlap in activities in West Africa between IITA and WARDA, TAC recommends an 
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integrated programme of resource management research between these Centres covering 
at least the inland valley ecosystem of West Africa. 
12. TAC supports the current regional mandates of CIAT for Latin America and 
the Caribbean, and WARDA for West Africa. In Asia, WANA, and in Eastern and 
Southern Africa (including Madagascar), IRRI has assumed regional responsibility. 
Coverage of regional rice research needs appears to be satisfactory. 
13. TAC has also considered the apparent imbalance in allocation of resources by 
rice ecosystem. The Committee reiterates its earlier observation that a congruence 
analysis provides only one input into the priority-setting process, and that ecosystem, 
sustainability, equity and researchability arguments are also very important. 
Nevertheless, TAC considers that, at the system level, the CGIAR may be over-investing 
in the rainfed lowlands and uplands. This issue may, however, warrant further 
consideration. 
14. The centres engaged in rice improvement research are IRRI, WARDA and 
CIAT. IITA has transferred its rice improvement activities to WARDA, and still 
provides a base for the International Network for the Genetic Evaluation of Rice (INGER) 
in Africa, and for WARDA’s lowland rice breeding, as well as having responsibility for 
resource management research in the inland valleys which is also a major focus of 
WARDA’s work. Other aspects of rice research are carried out by IBPGR (genetic 
resources), IFPRI (policy research), IIMI (irrigation), and ISNAR (research 
management). IRRI plays a global role in germplasm conservation, enhancement and 
breeding (including INGER) and an appropriate regional role in Asia, WANA and 
Eastern and Southern Africa. 
15. TAC notes with concern the weakened capacity of some NARS engaged in rice 
research, especially in sub-Saharan Africa. One of the basic assumptions of the CGIAR 
is that stronger NARS should take a greater complementary role in the global research 
system. The solution appears to have more to do with public policy, funding and 
research management than with the organization of commodity and ecoregional research. 
This could have important implications for the future role of the CGIAR centres in 
institution-building activities. 
16. In its deliberations on the future of WARDA, TAC has faced a dilemma. The 
report of the Inter-Centre Review of Rice has served largely to reinforce TAC’s own 
assessment of priorities for rice research. Consequently, if TAC applies the same rigour 
to rice research in West Africa which it has applied throughout its priority-setting 
exercise, the Committee could not support a case for funding WARDA at the level 
required to make it a viable rice research institute. 
17. At the same time, TAC cannot escape the consequences of the policy decision 
taken by the CGIAR with respect to WARDA in 1986, a decision that was based on 
considerations in addition to priorities for rice research. Both TAC and WARDA have 
responded to the Group’s wish to help WARDA to transform itself into a well-managed 
institute doing research of high quality. The report of the EPMR confirms that this has 
been achieved. Furthermore, as already indicated, WARDA will continue to play a major 
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role in conducting research on the sustainability of important rice-based farming systems 
in West Africa. TAC is, therefore, not prepared to recommend any further reduction in 
core funding for WARDA. 
18. On the basis of the above analysis, TAC finds no compelling reason at this time 
to adjust the level of the resource envelope which it assigned to WARDA in the medium- 
term planning process for the period 1994-1998. During this next quinquennium, 
WARDA should be encouraged to explore waiys of widening its sources of funds for 
research on major components (including, for example, vegetables) of rice-based farming 
systems in West Africa. Attention should be given to sources outside the CGIAR, 
especially from countries in the region. Over the ensuing 5 years (1999-2003), CGIAR 
funding would be determined on the basis of ,the next review of CGIAR priorities and 
strategies, the report of which is due in 1997, and should be at a level appropriate to 
WARDA’s contribution to CGIAR priorities. 
19. The implications of TAC’s recommendations on CGIAR priorities and 
strategies for rice research for resource allocation will be considered within the 
framework of the medium-term resource allocation process. TAC agrees in principle 
with an increased allocation of resources for rice research in Asia, as it had already 
indicated in the 1992 review of CGIAR priorities and strategies. The Committee hopes 
that such a resource shift can be obtained partly by transferring a greater share of 
responsibilities currently assumed by IRRI to national research systems in Asia. 
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19 February 1993 
Dear Alex, 
It is my pleasure to transmit to you the report of the Panel that conducted the Inter-Centre 
Review of Rice entitled “Investment in Rice Research in the CGIAR: A Global 
Perspective”. My colleagues and I have visited the major CGIAR centres with an 
involvement in rice research as well as a selected number of national research systems. 
We would like to acknowledge the excellent support we have received from the Directors 
General, management and staff of particularly CIAT, IBPGR, IFPRI, IITA, IRRI, ISNAR 
and WARDA throughout the conduct of this review. In gathering and analysing 
information, we have benefited substantially from the participation of Dr. R. Willey in 
the IRRI and of Dr. D. McDonald in the WARDA external review. Their extensive 
commitment to these two major reviews did however limit the time the Panel could spend 
collectively visiting key sites. 
The Panel has conducted the review with a global perspective and has tried to address the 
question of how the CGIAR could most effectively allocate its increasingly scarce 
resources. As noted in the report, the CGIAR accounts for only 6 percent of global 
public sector expenditures on rice research and has to ensure that its resources are 
invested in a way that they generate the largest possible contribution to the CGIAR’s 
mission and goals. The basic message of our report is simple and hopefully clear. Rice 
is by far the most important food crop in developing countries. Between now and 2030 
rice production will need to more than double, mostly through increases in yields. 
Dr. A. McCalla 
Chair, Technical Advisory Committee 
Consultative Group on International Agricultural Research 
VO University of California 
Davis, CA 95616, USA 
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To meet this demand a major international effort in rice research will be required to break 
the present yield ceiling, close the existing yield gaps, and sustain the productivity gains 
already achieved. The overwhelming part of the increased demand will arise in Asia by 
the majority of the world’s poor. In relative terms, the needs of sub-Saharan Africa, 
Latin America and the Caribbean, and West Asia-North Africa are minor in comparison 
with the enormous challenges facing Asia. 
Currently, the CGIAR is allocating a disproportionate share of its resources for rice 
research to sub-Saharan Africa. The Panel hlas carefully considered the balance of 
resource allocation and strongly recommends that in a situation of limited resources, the 
CGIAR should substantially increase resources allocated to Asia and correspondingly 
reduce its investments in sub-Saharan Africa. We have also raised the question as to 
whether there is a disproportionate share going to poorer environments. Given the 
importance of irrigated areas in supplying the bulk of the rice output we recommend that 
more resources be allocated to the needs of that ecosystem. In this report, the Panel 
notes that France is a major contributor to rice research in developing countries and that 
the major focus of its research interests are the upland and highland rice producing areas. 
The Panel believes that future institutional arrangements for the organization of rice 
research should be based on TAC’s views with respect to global and ecoregional 
responsibilities in the CGIAR. The Panel also considers that the current level of funding 
for sub-Saharan Africa cannot be justified. It recognizes that WARDA, faced with 
reduced core funding, may not be able to continue as an independent commodity centre 
for a relatively small region. Alternative institutional arrangements must then be sought. 
We recognize that these may have significant consequences for the management of 
WARDA. I would like to stress that our recommendations in no way imply any criticism 
whatsoever of WARDA’s current management or research programme. On the contrary, 
the Panel endorses the conclusions of WARDA’s External Review Panel, which found it 
to be a well managed and well focused Centre. The Panel’s own observations of the 
work of WARDA reinforce that view. I reiterate therefore, that our Panel took a global 
perspective and analysed where CGIAR inveistments in rice research would have the 
highest payoff. Considerations related to the efficiency of individual institutions were 
beyond the mandate of the Panel. It cannot be overemphasized that decisions regarding 
the allocation of resources and issues related to the management and performance of a 
centre must remain as two entirely separate matters. 
I extend my sincere thanks to the Members of the Panel, Drs. Robert Willey and Don 
McDonald for their hard work and extensive contributions. The Panel benefited 
enormously from the insight and guidance of Dr. Guido Gryseels of the TAC Secretariat 
in Rome, whose dedicated and professional a.pproach was evident at every stage of the 
review. 
. . . 
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On behalf of the Panel, I wish to thank you and the Technical Advisory Committee for 
the opportunity to participate in this review. It has been both a challenging and humbling 
experience. We have been constantly impressed by the high quality of rice research in 
the CGIAR, the dedication of its scientists, and the strong partnership of CGIAR efforts 
with national research systems throughout the developing world. Investments by the 
CGIAR in rice research have generated very high rates of return in the past and the Panel 
has no doubt that these returns can be maintained in the future. 
The Panel prepared this report at ILRAD in Nairobi. We would like to express our 
sincere thanks to the Director General, Dr. Ross Gray, the management and the staff of 
ILRAD for their wonderful hospitality and the superb logistical arrangements made for 
the work of the Panel. We chose this location because of its ‘neutrality’ in the rice scene 
and the facilities it had available. It proved to be a very good choice. 
The report was produced by Mrs. Jane Garrioch of the TAC Secretariat. Her good 
cheer, willingness to work endless hours, and commitment to high quality output proved 
to be an outstanding asset to the team. 
Yours sincerely, 
Grant Scobie 
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Summary 
Rice is the world’s most important food 
crop. 
Most of the world’s rice is in Asia. 
Trade in rice is insignificant. 
The real price of rice has fallen. 
Lower real prices are important to 
consumers. 
The demand for rice continues to grow. 
Rice is the single most important food 
crop in the world. It provides over 
60 percent of total food energy in some 
of the most heavily populated countries. 
Over 90 percent of the world’s rice is 
produced and consumed in Asia. 
Almost all the rice is consumed in the 
country in which it is produced. Less 
than 5 percent of global output enters 
international trade. 
As with other cereals, world rice 
supplies have grown faster than 
demand, so that the real price has 
tended down over the last 50 years. 
As rice is such a significant part of the 
household budget for many of the 
world’s poor, lower real prices are an 
important source of real income growth 
for poor families. 
While some diminution is expected in 
the growth of demand for rice, global 
demand is forecast to grow at rates at 
least equal to population growth rates. 
By the year 2030 the amount of rice 
needed will be more than double 
present output. 
XX 
Productivity growth has become more 
important. 
Increases in output come from 
additional land sown to rice, from extra 
inputs and from higher yields. In the 
196Os, increased areas accounted for 
over half the annual increase in output. 
By the 198Os, the majority of the output 
increases were from higher 
productivity. 
Future increases must come from higher 
productivity. 
In the major rice growing areas, there 
is limited scope for increasing the area 
sown to rice. If the continuing demand 
for rice is to be met, yields will have to 
increase. 
Attaining higher productivity will be a 
challenge. 
There is concern that yields under some 
intensive rice cultures are declining. In 
many irrigated areas, factor productivity 
appears to be declining. Environmental 
impacts on soil, water, air and human 
health are a threat to long-term 
sustainability. Investment in irrigation 
systems is more costly and has slowed 
down. 
Past investment in research has 
contributed substantially to output. 
Modern rice varieties are grown 
extensively. 
Significant growth in research 
expenditures by national programmes, 
together with strong international 
support, has been a major factor in 
increasing output in the last three 
decades. 
In the last 30 years, modem varieties 
developed from focused research efforts 
have spread to more than 50 percent of 
the world’s rice area, and to more than 
two thirds of the rice area of the three 
biggest producers, China, India and 
Indonesia. 
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Investment by the CGIAR has been 
small but significant. 
Although investment in rice research by 
the CGIAR is only 6 percent of global 
public sector efforts, it has contributed 
significantly to the stock of knowledge 
and human capital in rice science. The 
rate of return on this investment has 
been substantial. 
Budgets are now tighter than in the 
past. 
This reinforces the need for close 
attention to resource allocation. 
The major challenge is in Asia. 
Other regions play a very minor part. 
The growth of both national and 
international funding appears to have 
slowed down in the 1980s. Real 
investment in rice research may well be 
declining. This is an alarming trend, 
and highlights the need to question 
whether sufficient resources in total are 
being assigned to rice research. Given 
the evidence of payoffs to this 
investment, it is not apparent that cuts 
in the real level of funding are 
appropriate. 
The minor role of the CGIAR, together 
with the increased stringency of funding 
requires that close attention be paid to 
ensure that limited resources are 
appropriately allocated. 
Over 90 percent of the extra output that 
will be needed by 2030 is in Asia, 
amongst the world’s poorest people. 
The total increase in rice output in 
Latin America and sub-Saharan Africa 
projected by the year 2030, is less than 
half of Indonesia’s current output. 
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Yields will need to double. To meet the needs of the world’s rice 
consumers, yields will need to virtually 
double. This represents a major 
scientific challenge and will require a 
strong focus on basic and strategic 
research. 
The existing research system has many 
strengths. 
Sound investments in the past have 
created a strong international rice 
research system, complementing 
growing capacity throughout national 
programmes. 
But there are serious imbalances. In the light of future global needs, the 
current pattern of core funding by the 
CGIAR has resulted in resources being 
diverted from priority areas in Asia. 
Predominant among these are the funds 
allocated to sub-Saharan Africa. 
Over 20 percent of core funding is 
currently allocated to a region whose 
total expected contribution to global rice 
needs in 2030 is barely 4 percent. 
Such misallocation is costly. Clearly all regions have legitimate 
claims on extra resources. But while 
the total amount of resources is limited, 
the additional funding to sub-Saharan 
Africa comes at a cost of foregone 
output and the welfare of the greater 
part of the world’s poor in Asia. This 
cost is high and will increase. 
To meet the challenges, a strengthened 
global rice research focus is required. 
IRRI, the centre responsible for global 
commodity leadership and for Asia 
must have the funding commensurate 
with its task of contributing the 
technology required to produce 
90 percent of the additional rice which 
will be needed. 
. . . 
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The global commodity centre needs to be 
complemented by ecoregional 
mechanisms. 
The sub-Saharan Africa and Latin 
America regions need to have a small 
tightly-focused research effort in rice 
linked closely to IRRI. 
The present allocation of funding is 
incompatible with meeting global needs. 
The current regional balance of funding 
is not aligned with the future needs for 
increased rice production. 
Furthermore, given the over-riding 
importance of the irrigated sector, it is 
not clear that the growing research 
emphasis on harsher environments is 
fully justifiable. 
The present institutional arrangements 
for sub-Saharan Africa are not tenable. 
A revised structure in West Africa is 
obligatory. 
A new joint initiative with IITA is 
suggested. 
On one hand, the current allocation of 
core funds to this region cannot be 
justified from a global perspective. On 
the other hand, WARDA cannot 
continue to operate as an independent 
commodity-based centre for a relatively 
small region with reduced funding. 
If the case for significant reallocation of 
core funding is accepted, a new 
arrangement must be sought to 
effectively utilize core funding for rice 
research in West Africa. 
If the reduced core funding were 
applied to an integrated programme of 
rice research placed firmly in the 
context of the resource management 
programmes of IITA, current problems 
of overlapping mandates, costly 
overheads, and inappropriate emphasis 
on a single commodity could be 
resolved. 
x:xiv 
The CGIAR must continue to focus on 
global food needs. 
The challenge to double rice production 
is enormous. Any diversion of effort 
from priority areas will inevitably 
weaken the CGIAR’s demonstrated 
ability to contribute to increasing the 
world’s food supplies. 
Chapter 1 - A Changing World 
1.1 A Dynamic Rice Economy 
Rice is the most important food crop in developing countries. It is the major 
staple for 2.7 billion people in Asia, providing between 35 and 60 percent of the calories 
they consume. In sub-Saharan Africa and Latin America, rice provides approximately 
8 percent of the food energy, and is a relatively new staple in the diet. Demand for rice 
in these regions is increasing rapidly. In West Africa, per capita consumption has 
doubled over the past two decades, and now accounts for almost 20 percent of calorie 
intake. In Latin America it increased by about 15 percent. Rice is a relatively minor 
crop in developed countries, which together account for less than 5 percent of global 
production. 
Rice production is concentrated in Asia which accounts for 93 percent of output 
and 90 percent of rice area cultivated in developing countries (Table 1.1). China alone 
accounts for 23 percent of the rice area and 38 percent of rice output. Latin America and 
the Caribbean (LAC) account for 3.9 percent of rice production, sub-Saharan Africa 
(SSA) for 1.6 percent and West Asia-North Africa (WANA) for 1.1 percent. The 
world’s biggest producers are China, India and Indonesia. Total production of sub- 
Saharan Africa approximately equals that of the Republic of Korea and is only half of that 
of Vietnam. 
Rice is grown in four major production environments or “ecosystems” which 
are broadly defined on the basis of water regime; irrigated (IRR), rainfed lowlands 
(RFL), uplands (UPL), and deepwater/tidal (DWT). Irrigated areas account for 
71 percent of rice output, the rainfed lowlands for 19 percent, uplands for 7 percent and 
deepwaterkidal areas for 4 percent (Table 1.2). Table 1.2 presents an overview of area, 
yield and output of rice by ecosystem. A breakdown of this information by region is 
provided in Appendix Table A. 1. 
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Table 1.1: Area, Yield and Output of Ric’e by Region, 1986-88 
Asia 128.5 90.3 3.37 433.2 93.4 
of which China 32.7 22.9 5.35 174.7 3% 7 
SSA 5.1 3.6 1.49 7.6 1.6 
of which West Aftica 3.1 2.1 I:43 4.5 I.0 
LAC 7.9 5.5 2.32 18.4 3.9 
WANA 0.8 0.6 5.72 4.8 1.1 
k”d:p 
Developed Countries I l-7 I - 1 5.42 
World Total 
Source: IRRI, Rice Facts, November 1990 
473.5 
Table 1.2: Area, Yield and Output of Rice by Ecosystem: Developing Countries 
1986-88 
I 
Share of 
Share of 
Ecosystem i Area .~ Yield 
output output 
: m.ha .Area Total % t/ha m.t Total % .:. . . . 
IRR 67.5 47.4 4.88 329.7 71.1 
RFL 39.4 27.6 2.20 86.5 18.6 
UPL 23.6 16.6 1.28 30.2 6.5 
DWT 11.9 8.4 1.49 17.7 3.8 
’ Total 142.3 3.26 464.1 loo.0 lOO;O 
Source: CIAT (1992) on the basis of IRRI statistics 
Note totals in this and subsequent tables may not add exactly due to rounding. 
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Average yields vary widely among regions, countries and ecosystems. In 
1986-88, they ranged from 5.72 t/ha in WANA to 1.5 t/ha in sub-Saharan Africa, and 
from an average of 4.88 t/ha in irrigated systems to 1.3 t/ha in upland areas. Developing 
countries with the highest average yields at that time were Korea, DPR (7.1 t/ha), 
Republic of Korea (6.4 t/ha), Egypt (5.7 t/ha) and China (5.3 t/ha). 
Over the past few decades, the nature of growth in rice production has changed 
significantly. Since the 196Os, the major source of output growth has shifted from 
expansion in crop area to increase in yield (David, 1991). Overall, adoption of modem 
rice varieties, higher application of fertilizers, and expansion of irrigated area contributed 
about equally to the increases in productivity in South and Southeast Asia. Annual 
growth rates of rice production, area and yield by region are summarized in Table 1.3. 
Table 1.3: Annual Growth Rates of Rice Production, Area and Yield: 1950-1989 
Percent Per Annum 
Region 
19.5045 1965-80 1980-89 
Y : A’ : Yk P A .Y P A Y 
Asia 2.2 1.1 1.1 2.9 0.9 2.0 2.7 0.2 2.5 
(50.0)2 (50.0) (31.0) (69.0) 0.0) (95.0) 
Sub-Saharan Africa 2.6 0.9 1.7 3.2 2.8 0.4 3.0 1.3 1.7 
(35.0) (65.0) (88.0) (12.0) (43.0) (57.0) 
Latin America 5.6 5.3 0.3 3.7 2.5 0.9 2.4 -0.4 2.8 
(95.0) (5.0) (74.0) (26.0) (-17.0) (117.0) 
World 2.5 1.2 1.3 2.9 1.0 1.9 2.5 0.2 2.3 
(48.0) (52.0) (38.0) (62.0) (8.0) (92.0) 
I P = Production; A = Area; Y = Yield 
2 Figures in parenthesis are. percent of growth in rice production due to changes in area and yield 
Source: David (1991) on the basis of FAO data 
During the last decade, the rate of growth of yield increments has slowed down 
considerably in the favourable areas of Asia. Overall, there has been a slow down in 
production from 2.8 percent (1974-82) to 2.0 percent (1982-1989), mainly due to the 
decrease in yield growth from 2.6 percent p.a. to 1.8 percent during these two periods 
(David and Rosegrant, 1991). In all major producing areas of Asia, with the exception of 
India, the rate of growth in yields has fallen in the last five years. As indicated in the 
Fourth External Review report of IRRI (1992), irrigated area yields are not only 
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constrained by a technological ceiling but that ceiling itself may be slowly coming down. 
A further factor contributing to the slowdown in yields has been the reduced investment 
in irrigation (Rosegrant and Pingali, 1991). 
While rice consumption is increasing steadily, the rate of growth of demand for 
rice is declining in Asia. This is due both to decreases in growth rate of population, and 
declining per capita consumption of rice. Sheer population growth accounted for 
80 percent of increases in total consumption,, but in the three largest rice consuming 
countries (India, China and Indonesia) rice consumption continued to grow by 0.8 to 
1.2 percent per year in the 1980s. In West .Africa, overall consumption of rice grew by 
5.9 percent p.a. between 1970 and 1989 and by 2.7 percent on a per capita basis 
(WARDA, 1992). Imports of rice now amount to approximately 1 million tons of paddy 
annually. In Latin America per capita consu.mption increased by 50 percent between 
1950 and 1990 (Sanint, 1992). 
Between 1986-88 and 2030, production in developing countries will need to 
more than double from 464 to 1,000 million tons to meet expected demand. This 
projected increase in demand is estimated more precisely in Chapter 3. 
Most of the rice output is consumed within the country or region where it is 
produced. Only about 4 percent of world production is traded internationally. 
However, differential growth rates in rice production and demand across 
regions have resulted in changing patterns in the regional distribution of world trade. The 
share of Asia in rice imports declined from 60 percent in 1970 to 22 percent by 1987. In 
contrast, that region now accounts for two th.irds of exports. Thailand is the leading 
exporter, accounting for 40 percent of world trade. Among exporters, this country is the 
lowest cost producer of rice (Yap, 1991). In 1987, sub-Saharan Africa accounted for 
23 percent of all imports, the Middle East for 19 percent and Latin America for 
10 percent (David, 1991). 
Given the small volume of world trade relative to production, world market 
rice prices show strong fluctuations. Over the past two decades, real price of rice has 
continued a downward trend, partly because of increasing self-sufficiency ratios of major 
traditional rice importers (Siamwalla and Haykins, 1983). It is a remarkable feature of 
the Asian rice economy that growth in rice production has been sustained despite these 
declining prices. Domestic prices of rice which are usually well above world prices have 
also declined in several Asian countries. Whlile this has benefited consumers in terms of 
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lower prices, it may also imply reduced incentives to producers, particularly those for 
whom new technology is not available. 
If the declining level of real rice prices continues in the future, the 
sustainability of the past rapid productivity growth may be threatened. 
Overall, government policies have not been favourable to rice production. 
David and Rosegrant (1991) conclude that domestic rice production in Southern and 
Southeast Asia, except in Japan, South Korea and Indonesia has been generally lower than 
it would have been without policy distortions. In sub-Saharan Africa, particularly in 
West Africa, imports were encouraged by governments through low import tariffs and 
low farmgate prices for domestic production. In effect, domestic producers were taxed in 
order to subsidize foreign producers. 
The ability of the rice production sector in part to meet growing demand 
through increased production and trade will depend on a climate of economic 
liberalization. Reduced government interventions will typically stimulate exports, 
encourage technological change and allow for increasing investments in the irrigation 
sector. 
1.2 Evolving Research Issues 
The recent history of rice research in developing countries logically begins with 
the establishment of IRRI in the early 196Os, against a background of imminent food 
crises in Asia. The initial research objective was very specific: to increase crop yields in 
the high-potential, irrigated and favourable lowland areas. This was achieved by 
introducing the short, erect, fertilizer responsive high-yielding plant type of the japonica 
rice into the tropical indicas. A rapid, dramatic breakthrough was achieved by the mid- 
1960s with the release of the first of the modem plant type varieties, IR8. The non- 
photosensitive nature of IR8 made it widely adaptable across the favourable environments 
and it became the basis of the green revolution. 
Following the release of IR8 with its high yield ceiling, attention shifted to 
utilizing more fully that potential by improving resistance to biological and physical 
stresses, together with enhancing grain quality. Noteworthy landmarks have been the 
release of IR36, an extremely popular variety in many areas, with high multiple disease 
and pest resistance, and more recently IR64, already the most widely grown rice in the 
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tropics. A further important feature of many of the new varieties, has been earlier 
maturity without loss in yield potential. Growth durations as short as 100-l 10 days have 
provided increased opportunities for growing additional crops of rice, or other crops, 
during the year. By the 198Os, primarily because of these new varieties combined with 
the management practices developed for them, many Asian countries approached or 
became self-sufficient in rice. Even more remarkable has been the emergence of 
countries such as Vietnam as rice exporters. 
Latin America and the Caribbean has experienced a similar green revolution in 
rice, starting with the introduction of IR8 in the late 1960s. Irrigated yields doubled 
between 1966 and 1980, and LAC production between 1966 and 1990. In contrast, there 
has been limited spread of modem rice varieties in sub-Saharan Africa. Reasons for this 
include the low proportion of irrigated rice; the area-specific pest and disease problems 
such as diopsis fly, rice yellow mottle virus, and unique races of blast; the complex 
nature of the farming systems in which rice is grown in rainfed environments; the poor 
development of the agricultural infrastructure, and policies that favour rice imports. 
IRRI has systematically collected and characterized rice germplasm, assembling 
80,000 accessions from 113 countries by 1992. It has also facilitated the worldwide 
evaluation and dissemination of genetic material through international networks, initially 
the International Rice Testing Programme (IRTP), latterly the International Network for 
Genetic Evaluation of Rice (INGER). By 1992, these networks had led to the release of 
225 new varieties and breeding lines (Evenson and Gollin, 1991). The proportion of the 
total rice-growing area under modem varieties had exceeded 50 percent by the early 
1980s (Dalrymple, 1986). By 1987, some .proportions in South and Southeast Asia were 
India 69 percent, Indonesia 75 percent, and the Philippines 85 percent (David and 
Rosegrant, 1991). 
Following this impact in the more favourable environments, research in recent 
years has given more explicit attention to poorer environments. The need for this has 
been argued primarily on equity grounds. .Although there have been benefits from green 
revolution technologies for poor growers in the more favourable environments (Hazel1 and 
Ramasamay, 1991) there has been little benefit in the very poor environments such as the 
uplands (David and Otsuka, 1990). There ,are also growing concerns about the 
degradation of poor environments. Further factors are the declining investment in 
irrigation, the evidence of degradation in existing irrigated areas, and the evidence from 
very intensive rice producing areas that yields may be already approaching a plateau, or 
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even decreasing in some instances, resulting in declining factor productivity (Rosegrant 
and Pingali, 1992). 
Increasing recognition of the complexity of farming systems in poorer 
environments has strengthened the need for research on rice improvement to be set within 
the context of improvement of the farming system as a whole. Recent research agendas 
have therefore been widened to include greater attention to crop and resource 
management, to socioeconomic factors, including the role of women, and to the need to 
integrate rice with other components of the farming system. 
1.3 Growing Concern for the Environment 
Providing food for the world’s population in 30 years time will place enormous 
demands on the environment. IRRI estimates (1989) that the global supply of rice will 
need to grow at a rate of 1.7 percent per annum, or by a massive 65 percent by the year 
2020, in order to feed the increased population. The projections used in this study 
(Chapter 3) suggest the need to double output by 2030. 
Particularly in Asia where more than 90 percent of the world’s rice is produced 
and consumed, increases of the magnitude required will have to be achieved largely by 
increased production per hectare, i.e. by intensification of cropping and/or increased 
yield. Furthermore, such increases must be achieved without irreversible depletion or 
damage to the environment. The CGIAR has called for much greater attention to 
activities in the area of conservation and management of natural resources including 
germplasm conservation (biodiversity) (TAUCGIAR, 1992). 
While there is some potential for increased areas of land to be used for rice 
growing in other regions of the world, intensification of cropping is already taking place 
and will undoubtedly continue in many countries of those regions. Such intensification in 
the absence of sustainable technology could have serious environmental consequences. 
This is a particularly serious consideration in the uplands where soils are often subject to 
erosion and to severe nutrient depletion leading to irreversible degradation. 
In irrigated and rainfed lowland areas, environmental concerns relate more to 
the use of high rates of fertilizers and widespread use of pesticides, with the 
accompanying threat to human health because of accumulation of residues in soil and 
water. In some regions additional ponding of water in itself increases human health risks 
due to diseases such as malaria and schistosomiasis. 
The Panel notes that attention is being given to quantifying the contribution of 
rice to global warming through increased methane emission and to examining the effects 
of increases in ultraviolet radiation on rice yields. 
The key issue is that short-term production gains should not be derived at the 
expense of long-term productivity of the resource base. Research in the future will need 
to have a clear focus on resource management and be guided by a strong farming systems 
perspective. 
1.4 A Changing Research Climate 
The global rice research system enlcompasses the activities of the national 
agricultural research systems including universities, the CGIAR, bilateral and 
international agencies, the private sector and advanced research institutes. The overall 
pattern of global investment in public agricultural research has changed dramatically over 
the past two decades (Pardey, Roseboom and Anderson, 1991). Global agricultural 
research capacity has grown substantially; most notably, the share of developing countries 
has increased significantly. However, investment in agricultural research in developing 
countries appears to be slowing recently, particularly in sub-Saharan Africa and Latin 
America. 
Pardey, Roseboom and Anderson (1991) estimated output intensity ratios, 
which express agricultural research expenditures as a percentage of the value of 
agricultural output, for each of the regions for the 1982-85 period. Asian countries 
typically have values of below 0.5 percent. :In sub-Saharan Africa the average was 
0.5 percent, with the SADCC countries and ‘the former French colonies in West and 
Central Africa well above this figure. In Latin America, average spending amounted to 
0.8 percent. In contrast, in developed countries these intensity ratios are usually well 
above 2 percent. This illustrates the chronic underinvestment in agricultural research in 
developing countries. Moreover, in most developing countries, a declining trend in 
public expenditures for agricultural research has been observed during the last decade 
(Roe and Pardey, 1991). 
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The bulk of rice research in developing countries is undertaken by the national 
research systems, which typically focus on adaptive and applied aspects of research. 
However, several of the major rice dependent countries already have strong, independent 
rice research programmes. Countries like China, India and Brazil have considerable 
scientific strengths. 
Among the bilateral agencies, the major actor in rice research has been France, 
which has a major involvement particularly in sub-%&u-an Africa, but also in Latin 
America and Southern Asia. In addition, France has close linkages with the CGIAR 
centres and has staff posted at IRRI and WARDA. The French rice research efforts are 
focused principally on the upland, highland and temperate (Mediterranean climate) areas. 
In total, their current international rice research programmes involve 45 scientific staff 
(de Lattre, personal communication, 1992 - French Ministries of Cooperation and of 
Research, 1986). This is a significant element of the total research effort on rice. While 
international agencies like FAO and the World Bank do not have rice research 
programmes per se, they provide financial and technical assistance at the development 
project level. Both also have an important function in policy analysis while FAO is the 
major source of data relating to rice production, consumption and trade. 
Basic rice research is conducted primarily at advanced research institutes 
primarily in developed countries. For example, many of the biotechnology tools and 
basic research on physiology and ecology are being developed at universities in USA, 
Japan, France, Italy, Germany, The Netherlands and Belgium. The Rockefeller 
Foundation has made substantial contributions through the sponsoring of its rice 
biotechnology network which has led to substantial strengthening of national capacities in 
this field. 
Prior to World War II, rice research was primarily concentrated in Japan, 
South Korea and Taiwan where population pressure was severe and almost all of the rice 
area irrigated, from early this century. As rice self-sufficiency became an objective in 
many newly decolonized countries, efforts to raise productivity increased and investment 
in rice research accelerated during the late 1960s and 1970s (David and Evenson, 1992). 
Around that time, the CGIAR was established and initially invested about 22 percent of 
its resources in rice research. Since 1976, the share of CGIAR core research operating 
expenditures for rice research has remained constant at just above 17 percent (Gryseels 
and Anderson, 1991). Technological breakthroughs in international rice research induced 
greater investments in national agricultural research by demonstrating that rice research 
can be an important source of growth (Pray, 1991). 
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Table 1.4: Distribution of Agricultural GDP Population, Poor, Rice Production, and 
CGIAR Expenditures Among Developing Countries: By Region 
Regiori 
Asia (excl. China) 26 40 53 56 29 
China 41 29 19 38 0 
SSA 8 12 16 2 43 
LAC 15 11 6 4 15 
WANA 9 8 5 1 13 
Source: Gryseels and Anderson (1991); TACXGIAF: (1992); IRRI (1991). 
Table 1.4 presents data on the distribution of agricultural GDP, number of 
poor, rice production and CGIAR core expenditures by region and in China. The data 
suggest that Asia and China are dominant in. terms of agricultural GDP, share of 
population, number of poor and share of rice produced. The data suggest that the 
CGIAR could well be underinvesting in Asia, particularly if the needs of China are taken 
into account. TAC has already recommended a moderate increase in the priority the 
CGIAR currently allocates to Asia and a corresponding reduction in the priority of sub- 
Saharan Africa (TACKGIAR, 1992). 
The CGIAR currently allocates just over US$39 million to rice research 
annually. This represents approximately 19 percent of the System’s core resources 
allocated to commodity research during 1991 (TACKGIAR, 1992). The share of the 
CGIAR in total resources allocated to rice research in the global rice research system for 
developing countries can be estimated at approximately 6 percent. This was calculated as 
follows. Pardey and Roseboom (1991) have estimated that total expenditures of national 
research systems on crops research amount to US$2,480 million a year in 1980 purchase 
parity prices (PPP). Assuming that these funds were allocated in proportion to the share 
of the value of production, rice would have received approximately 23.6 percent of total 
expenditures (TAC/CGIAR, 1992). The allocation of national research systems would 
then amount to US$585 million a year in 1980 PPP. According to the Agreement of 
Cooperation between WARDA and the CIRAD, INRA and ORSTOM Group signed on 
26 June 1992, the latter three organizations in 1990 devoted 45 man-years to rice research 
in some fifteen countries in Europe, Africa, Asia and Latin America. This would 
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represent an investment of approximately US$16 million annually. This estimate does not 
include contributions by other organizations in France or of sub-contracts by the Ministry 
of Cooperation. Assuming that advanced research institutes and other agencies assign a 
total of approximately US$lO million to rice research, then total public sector 
expenditures would amount to US$585 million (NARS) plus US$16 million (France) plus 
US$lO million (others) plus US$39 million (CGIAR), or a total of about US$650 million 
annually. The share of the CGIAR in total public sector expenditure for rice research in 
developing countries would then amount to approximately 6 percent. This estimate does 
not include contributions to rice research by the private sector. 
This contribution of US$39 million in 1991 by the CGIAR only relates to direct 
core expenditures for commodity-related research by IRRI, WARDA, CIAT and IITA. It 
does not include expenditures by IFPRI on policy research, by IBPGR for genetic 
conservation of rice plant genetic resources, by IIMI for rice-related irrigation research or 
by ISNAR for strengthening of capacity for rice research in national systems. The 
current organization of rice research in the CGIAR, particularly with respect to the 
commodity improvement aspects, is summarized in Appendix D. The allocation of 
CGIAR core expenditures for rice by region and by ecosystem is examined in detail in 
Chapter 3. 
The growth of research expenditures appears to have been declining both at the 
levels of the national and international systems. In recent years, the availability of 
CGIAR funds has been constant, declining in nominal and real terms since 1991. With 
both national and international funding for research coming under increasing pressure, the 
need is even greater to ensure that those funds are efficiently allocated. 
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Chapter 2 - Emerging Research Needs 
2.1 Introduction 
It has been estimated that global demand for rice will more than double by the 
year 2030 (see Chapter 3). The sheer magnitude of growth in demand provides the 
imperative for correctly identifying the priorities for research, and for the efficient 
allocation of limited resources to achieve the required output. 
The Panel has considered the priorities for research under three major themes: 
raising the genetic yield ceiling; closing the gap between achieved and ceiling yields; 
sustaining the yields already achieved (Figure 2.1). These themes are discussed within 
regions and ecosystems. For convenience, ecosystems of all regions are classified 
according to IRRI definitions as “irrigated”, “rainfed lowland”, “upland”, and 
“deepwaterltidal” . Rainfed lowland includes both the usually bunded level or slightly 
sloping rainfed lowlands of Asia, as well as the sometimes unbunded valley bottoms 
within the inland valleys of sub-Saharan Africa. Similarly, the upper slopes of the sub- 
Saharan Africa “continuum” and the savannas of Latin America and the Caribbean are 
included within upland ecosystems. The deepwaterkidal ecosystem encompasses 
everything from the deepwater flood plains of Bangladesh to the tidal estuaries of Asia 
and the mangrove swamps of West Africa. 
Table 2.1 illustrates some important features of currently recognized priorities 
within the system including: 
e the importance of raising the yield ceiling in irrigated rice varieties, particularly 
in Asia and to a lesser extent in Latin America and the Caribbean; 
e the significance of disease and pest management for closing the yield gap on a 
sustainable basis across all regions;. 
0 the relatively greater emphasis needed on crop and resource management 
compared to germplasm development in development of uplands and inland 
valleys of sub-Saharan Africa; and 
the crucial importance of resource management in areas of high cropping 
intensity in Asia, including special attention to the generation of yield decline 
under intensive irrigated systems. 
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Figure 2.1: Three Major Themes in Rice Research 
Priorities for research and more importantly allocation of resources for 
research, are also affected by socioeconomic considerations. On the one hand, the fact 
that a large proportion of upland rice farmers in all regions are small scale subsistence 
farmers, often still practising shifting cultivation, raises questions of equity in the 
allocation of funds across ecosystems. On the other hand, the demonstrated capacity of 
large commercial rice farmers in parts of Latin America and the Caribbean to rapidly 
adopt and effectively use improved technology to increase yields, has led to a 
demonstrable reduction in the real cost of rice to the urban poor. 
2.2 Three Major Themes 
It would be inappropriate for the Inter-Centre Rice Review to attempt an 
analysis of research priorities, other than at a broad thematic level. The specification of 
detailed programmes of research is the role of the management and Boards of the centres. 
The Panel’s attention has, therefore, been concentrated on the three major research 
themes referred to earlier; the yield ceiling, the yield gap, and sustainability. 
Table 2.1: Indication of Relative Priorities of Different Research Aspects Under the Three Themes of Yield Ceiling, Yield Gap and Sustainability 
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Note: Because of the large differences in relative importance of total rice research between regions, the significance of priorities should only be compared within 
regions. 
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It is not always possible to distinguish between priorities for closing the yield gap and 
sustaining current yield; for example, the continuing battle to maintain host plant 
resistance embodies both these themes. 
Current perceptions of ways in which research might contribute to advances in 
these broad areas are discussed below. 
(4 Raising the Yield Ceiling 
While the per hectare yield of irrigated rice has increased in many cases as a 
result of multiple cropping with early maturing varieties, the yield potential of modern 
rice varieties has not increased since 1966 when IRS was released 
Three approaches to raising the yield potential of varieties have been suggested: 
0 New plant ideotype: Nearly 60 percent of the growth in rice production since 
1960 can be attributed to widespread adoption of fertilizer-responsive, high 
yielding modern varieties which began with the introduction of IR8 in 1966 
(IRRI, 1992). The most important characteristic that enables these varieties to 
produce high yields is their responsiveness to fertilizer (Dingkuhn et al., 
1990a.). Significantly, none of the recent cultivars has proved capable of 
exceeding the yield potential of IR8. 
Dingkuhn et al. (1990b.) produced evidence that direct seeding, which is 
becoming increasingly popular in Asia, provides an increased yield potential. 
However, with current varieties, elaborate fertilizer management practices are 
required to produce those high yield. A new plant ideotype has been proposed 
for direct seeded rice varieties to further increase yields and avoid the need for 
complex management practices (Dingkuhn et al., 199Oa.). 
IRRI has now commenced building the new rice plant ideotype with low 
tillering, large panicles, sturdy culms, dark green, erect and thick leaves, and a 
harvest index of 0.6. 
0 Exploitation of hybrid vigour: China is the only country growing Fl hybrid 
rice varieties on an extensive scale. Hybrids were first distributed in China for 
commercial production in 1976 and by 1987 were cultivated on 10.9 million 
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hectares or 34 percent of the total rice area of China. The yield advantage over 
conventional varieties has been found to be approximately 15 percent (Lin, 
1992). 
Research at IRRI also indicates that hybrids can be produced which have a 
potential yield 15 to 20 percent higher than the best available inbred varieties. 
However, problems related to the difficulty and cost of producing hybrid seed 
have so far discouraged attempts to use such varieties elsewhere. Recent 
successes by CIRAD and Latin American breeders in incorporating traits which 
enhance cross pollination and facilitate maintenance of male sterile lines may 
make production of hybrids more widely feasible. Chinese scientists are 
working to develop a two-line system based on environment dependent male 
sterility. 
Attempts are also being made to identify and utilise other mechanisms such as 
apomixis which could be used to fix heterosis in pure breeding varieties. 
Population improvement: The degree of recombination between lines within 
hybrid populations of rice is normally limited by low levels of cross pollination 
and rapid approach to homozygoscity. Use of male sterile genes now makes 
extensive cross pollination possible without excessively high labour inputs. 
Enhanced ability to assemble favourable gene combinations and pyramid useful 
genes using recurrent selection makes this technique potentially useful for 
raising yield potential (CIAT, 1992:). Success will depend on having an 
effective screen to identify high yielding genotypes. 
(ii) Closing the Yield Gap 
The extent to which the potential yielding ability is realized is largely dependent 
on the effectiveness of crop and resource management strategies. Key crop management 
factors include selection of variety, application of fertilizers, method of crop 
establishment and management of pests and diseases. Competition from weeds as well as 
biotic and abiotic stresses are major barriers to achieving yield potential. Choice of 
varieties with the ability to compete with weeds and the strategic use of herbicides is 
fundamental. 
Breeding of varieties highly resistant to diseases and insect pests has made a 
major contribution to improving the level of yield potential achieved. Success in breeding 
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for tolerance to abiotic stresses has been much less impressive. Biotechnology may 
provide the tools needed to incorporate still higher and much more durable resistances to 
biotic stress and make possible the transfer of high level resistances to abiotic stresses 
into rice. 
Biotechnology is providing powerful new tools for breeders facing the need to 
produce varieties with improved and more durable resistance to diseases and insects, 
tolerance to abiotic stresses such as drought and having elite grain quality. Expansion of 
the genetic base will also be possible using techniques such as embryo rescue to improve 
the success of wide crosses and for the transfer of useful genes from wild relatives. Gene 
tagging will greatly improve efficiency of selection for complex traits such as drought 
resistance. Anther culture may also contribute by allowing production of homozygous 
(double haploid) plants within two generations which are free of dominance variance. 
More speculative transformations, such as the incorporation of N fixing capability in rice, 
are still remote possibilities. 
(iii) Sustainability 
Sustainability must mean more than maintaining an existing productivity level. 
It should recognize that in the long term what is required from a given environment may 
change. In future, a particular resource base may need to “sustain” a different farming 
system, or indeed some alternative use of that environment. Thus sustainability must 
entail managing natural resources in a way that maintains the long-term capacity of the 
environment to respond to and satisfy changing human needs (FAO, 1989). 
The underlying problem in achieving sustainability in rice growing areas is the 
increasing pressure that is put on the environment by the need for higher crop output. In 
Asia, with little scope for adding new land for rice cultivation, future increases in 
production will largely depend on higher outputs on the same land area. This will have 
to be achieved by higher yields and, in the irrigated areas, more crops of rice per year. 
In sub-Saharan Africa and Latin America and the Caribbean, there appear to be somewhat 
greater opportunities for extending rice cultivation into previously uncropped lands. 
However, such moves may also increase pressure on the environment, with the same 
implications for sustainable resource management. 
Sustainability can be regarded as having three elements; biological, physical, 
and socioeconomic. For the biological element a major concern is the preservation of 
current biodiversity. This is at least as important in rice as in other crops. It 
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encompasses not only the preservation of germplasm of potentially useful wild species, 
but also the preservation of traditional cultivated strains that may be rapidly lost when 
new varieties are introduced. Thus the collection, preservation and characterization of 
rice germplasm remains a high priority. The other major component of the biological 
element is the long-term control of the biotic yield-reducing factors; weeds, pests, and 
diseases. Continued attention to host-plant resistance and integrated crop and pest 
management will remain the key pathway to achieve this control; an increasingly 
important aspect of this is the need to decrease the use of potentially harmful chemicals. 
The physical element of sustainability for rice systems is primarily related to 
soil and water management. In poor upland environments, the main objective must be to 
prevent or arrest soil degradation by developing systems that avoid soil erosion and 
conserve or enhance nutrient fertility. Rice may be only one component in a complex 
cropping system that includes other crops, such as trees and legumes, for soil 
conservation and fertility restoration purposes. In the irrigated environments, some major 
sustainability concerns have arisen. They include increasing areas of salinity due to poor 
water management. In the areas growing two or three rice crops per year, yield 
stagnation, or even decline has emerged as a problem requiring serious attention. 
The final element of sustainability encompasses socioeconomic issues. 
Economic policies, for example, can enhance or reduce the incentives for developing 
sustainable production systems. Increased pressure on rice producing areas will call for 
appropriate policies for production, trade, marketing infrastructure, investment in 
irrigation, research management and property rights. Research on these issues is an 
important element of the overall portfolio of rice research. Many of these issues cut 
across all regions and ecosystems and do not necessarily relate to one of the three major 
themes outlined above. This is simply a result of the taxonomy the Panel adopted; it in 
no way diminishes the importance of these matters in relation to the other research 
themes. 
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Chapter 3 - What Should the International Centres Do? 
3.1 The Role of the CGIAR 
The CGIAR is only one small component in the global agricultural research 
system. As noted in Chapter 1, it accounts for approximately 6 percent of the total public 
sector resources invested in rice research. As a consequence, the CGIAR must be very 
selective in choosing, from the many demands for agricultural research in developing 
countries, those to which it can most effectively contribute. ior this reason, TAC 
regularly reviews CGIAR priorities and strategies (TACKGIAR, 1992). 
To qualify for CGIAR support, an activity must be research or research-related, 
be international in character, contribute to a priority programme consistent with CGIAR 
goals, and be undertaken by the best qualified entity (CGIAR Secretariat, 1992). CGIAR 
research should be largely strategic in nature and driven by the need for a supra-national 
effort requiring multidisciplinary inputs and regular access to characterized germplasm. 
Furthermore it needs to mount a continuous and stable effort. As a public sector-funded 
international organization, the CGIAR must focus on themes for which national research 
programmes or other research agencies have little incentive to make a major commitment, 
either because of economies of scale, or because the spillover effects are so large that 
they cannot capture adequate resources, or because their target farmer group is not the 
poor farmer or consumer which is the intended primary beneficiary of the CGIAR. An 
estimate of the total potential benefits resulting from investments in research must 
inevitably be an important guiding factor in priority setting. 
The CGIAR has at times played a gap-filling and bridging role in agricultural 
research. It fills gaps which could be filled by national systems, but which currently lack 
attention; it provides a bridge to advanced institutes, active in basic and strategic 
research. 
With respect to its role in the global rice research system, the CGIAR must 
give particular emphasis to the needs for strategic research on questions of international 
importance, to research opportunities for which the CGIAR is particularly well-qualified, 
and for which there is a large potential for breakthroughs which will ultimately benefit its 
primary target groups. Biological research must be complemented by socioeconomic, 
policy and management research, and research on the conservation and management of 
natural resources. The CGIAR must also continue to play a role in generating and 
disseminating information on rice research, and strengthening national research 
capabilities. 
Having noted the principles on which support by the CGIAR to rice research 
should be based, we are left with the need to explore the magnitude and allocation of that 
effort. This is the purpose of the remaining sections of this Chapter. 
3.2 The Overall Level of Investment 
The first question that must inevitably arise in any consideration of the 
investment in rice research is the following: is the current level of total core funding that 
the CGIAR locates to rice appropriate ? In adldressing this, one can start by asking 
whether the total CGIAR core funding for all activities is to be taken as given. If so, the 
question is whether the overall return to the CGIAR research portfolio could be increased 
by reallocating funds toward rice and away from other activities, or vice versa. Such a 
question lies beyond the mandate of this revie:w. To answer this question, one requires a 
view of all the activities in the portfolio, and a framework which would assess the impact 
of marginal increases or decreases in funding on various outcomes. The report on 
CGIAR priorities and strategies prepared by TAC (1992), suggests that in relation to 
other commodities, the share of total funding going to rice research should remain 
unchanged. The Panel notes however that thi.s exercise did not attempt to estimate 
explicitly the rates of return to different commodities. 
An alternative question is whether the total level of funding should be 
increased, given that more resources were available. Again the Panel has not addressed 
this specifically. However it is worth noting that estimates of the rate of return to 
investment in rice research are typically high (David and Evenson, 1992, p-17). This 
suggests that the level of funding might well be increased before the return on the 
investment fell anywhere close to levels regarded as unsatisfactory. 
In light of the magnitude of the challlenges to rice research identified in the 
present study, the Panel urges that the CGIAR constantly monitor this matter, and ask 
whether the contribution that research will need to make to expanding output can be 
realistically met with the current funding levels. It would be too easy to argue that past 
investment in rice research has been productive, and that more of the limited funding can 
now be diverted to other activities, perceived as neglected in the past. The CGIAR must 
be constantly conscious of the importance of rice, and the need to continue the past 
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record of advances in productivity if future needs are to be met. The Panel became 
increasingly concerned with the need for adequate resources to be devoted to rice science, 
given the sheer magnitude of the increases in output that will be needed. 
In considering the balance of research effort, the Panel has examined three 
dimensions: across regions; across ecosystems and across major research themes. Each 
of these is now addressed in turn. 
3.3 Regional Balance 
As a starting point, we examined the current allocation of CGIAR core funding 
for rice research across the regions and ecosystems within regions (Appendix Tables A.2 
and A-3). In order to capture the current balance of effort across regions, the core 
funding was converted to two measures of research intensity (Table 3.1). The first 
measure expresses the funding as a percentage of the value of output. This varies from 
0.03 percent for Asia as a whole, or 0.05 percent when China is excluded, to 0.55 
percent for sub-Saharan Africa. Within sub-Saharan Africa, West Africa receives funding 
equivalent to 0.79 percent of the value of output. 
Table 3.1: Rice Research Intensities: CGIAR Core Expenditures - By Major Regions 
a 1991 
Region 
ASIA 25.80 65.6 82,429 92.7 
ASIA (excluding China) 25.80 65.6 49,187 55.5 
SSA 8.43 21.4 1,444 1.8 
of which West Africa 6.71 17.1 851 1.0 
LAC 4.20 10.7 3,498 4.2 
WANA 0.90 2.3 921 1.1 
TOTAL 
TOTAL (excluding China) 
39.33 
39.33 
100.0 88,291 
55,048 
100.0 
US$ m 
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rch 
turn= -*r-r-,:, 
9% 
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Prod 
w*“w--wI 
US$ m 
of 
tionb 
-i---&i, 
% 
Researcl Intensity 
1*--*-31. 
% 
0.03 
0.05 
0.55 
0.79 
0.12 
0.10 
0.05 
0.07 
..*whb**-*- 
Centslton 
raw rice 
6.1 
10.3 
104.6 
150.0 
22.2 
18.6 
8.7 
13.9 
b Average production of milled rice (1968-88) valued at US$284/ton, and using a constant rolling ratio of 
1 ton paddy = 0.67t milled. 
Source: Compiled from Appendix Table A.3. 
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An alternative and perhaps intuitively clearer indicator of research intensity, is 
the number of cents (of the US dollar) that the CGIAR allocates to each region per ton of 
raw (unmilled) rice that is produced. The results for this measure are depicted in Figure 
3.1. Overall, Asia attracts 6 cents. The Asian irrigated rice sector, which contributes 
over 65 percent of total global rice output, receives 3.3 cents per ton (Appendix 
Table A-3). The entire region of Asia, excluding China, receives 10 cents per ton. 
These levels are in marked contrast to those in sub-Saharan Africa. 
Figure 3.1 highlights the extreme imbalances that have arisen in CGIAR core 
funding of rice research. In sub-!&&ran Africa, rice research expenditures are equivalent 
to 111 cents per ton. Within sub-Saharan Africa, the West Africa region receives 150 
cents per ton. This is a level of research intensity some 15 times greater than Asia, 
excluding China. 
There is absolutely no presumption that the intensity of research funding should 
be uniform across all ecosystems and regions. Legitimate differences can arise for a 
myriad of reasons. Among these would be the heterogeneity of the cropping systems, 
environmental impacts, the extent to which the findings from research in one region can 
be captured in other regions, the level of past funding and the prospects of success. All 
these factors govern the optimal allocation of research funding across regions. However 
disparities of the magnitude observed here must raise serious doubts about the regional 
balance of current CGIAR investments in rice research. In view of the importance of this 
issue, the Panel has explained the implications of reallocation. 
One cannot however make suggestions about reallocation without some 
indication of the possible costs and benefits. To address this question, a simple 
framework was developed. It involves examining the relation between expected 
productivity growth in rice due to the CGIAR, and the level of core funding allocated to 
each of the regions (see Appendix B). Were research funds to be reallocated from the 
sub-Saharan Africa region to Asia, then the future output of rice would be affected in 
both regions. The results in Table 3.2 show the loss in sub-Saharan Africa, the gain in 
Asia and the net gain from various levels of reallocation. To illustrate, a shift in 20 
percent of the current funding from sub-Saharan Africa to Asia would result in additional 
net output over the period 1987 to 2030, worth US$759 million in today’s terms. In 
other words, the opportunity cost of misallocating the limited core funding for rice is 
extraordinarily high. 
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In deriving this result, the only criterion used was that of ensuring that research 
funding made its greatest possible contribution to increased output. It is true that funding 
is allocated in practice on the basis of a wider set of criteria. Predominant among these 
has been the concern for equity. Stated in its simplest form, it has been argued that 
regions with poor farmers, with less bountiful resources for rice production, or which 
have been by-passed by past technological adlvances should receive a disproportionately 
greater share of funding than other regions. 
This is a broad and complex issue. The location and extent of poverty is not 
easy to measure, nor does it follow that technological change +s either necessary or 
sufficient, to ensure real income gains are captured by the poor. Rice research can be a 
blunt instrument for addressing complex so&al issues. Resolution of this debate lies well 
outside the mandate of this Panel. However the analysis presented here serves to 
emphasise the potential costs of attaining equity goals. 
Table 3.2: Impact of Reallocation of Core CGIAR Research Rice Funding from 
sub-Saharan Africa to Asia 
0 0 0 0 
0.2 +1,634 -875 +759 
0.4 +3,202 -1,785 +1,417 
0.6 +4,705 -2,727 + 1,978 
0.8 +6,147 -3,696 +2,451 
1.0 +7,529 I -4,686 +2,843 
’ Present value of changes in rice output valued at US$284& over the period 1987-2030 including a real 
discount rate of 10 percent. 
Source: Derived from the framework outlined in Appendix B. 
Even if it were the case that equity goals would be served in sub-Saharan 
Africa by the channelling of additional resources to rice research in that region, it is vital 
that the potential cost of that strategy for other regions be made explicit. If those limited 
resources could have been applied elsewhere, then any benefits attained in sub-Saharan 
Africa must be set against foregone gains in other regions. Clearly, the current allocation 
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involves a net loss of global rice output. When it is recognized that the extent and 
magnitude of poverty, both rural and urban is vastly greater in Asia, one must question 
whether global equity might not also be worsened by the distorted regional pattern of 
research funding that has evolved. 
An alternative approach to assessing the appropriate regional balance is to 
determine the level of funding for each region that would make the rates of return equal 
across regions. This was done by first estimating the rate of return to the investment in 
Asia, and then finding the level of funding in both sub-Saharan Africa and Latin America 
and the Caribbean that would make the rates of return in those regions the same as that 
for Asia. Under the assumption that the key parameters which determine the rates of 
return are comparable in all three regions, core funding in sub-Saharan Africa and Latin 
America and the Caribbean would need to be US$O.77 million and US$1.90 million 
(Table 3.3, Case A). 
Table 3.3: Levels of CGIAR Core Investment in Rice Research for sub-Saharan 
Africa and Latin America and the Caribbean which would Equate 
the Rate of Return Across All Regions: 1987-2030 
Asia 0 2 2 25 25 Asia 25.80 
A SSA 0 2 2 25 25 SSA 0.77 
LAC 0 2 2 25 25 LAC 1.90 
Asia 0 2 2 25 25 Asia 25.80 
E3 SSA 3 2 6 ‘25 25 SSA 1.87 
LAC 3 2 6 25 25 LAC 4.58 
Asia 0 2 2 25 25 Asia 25.80 
C SSA 2 2 4 50 0 SSA 3.10 
LAC 2 2 4 50 0 LAC 7.60 
Notes: 
1. Any inter-regional spillovers occurring under current funding levels would apply under the funding levels which 
equate the returns. 
2. The research and adoption lags are assumed to be each 10 years in all cases. 
If it were assumed that because of Ipast neglect, the gains to be made in sub- 
Saharan Africa from rice research are much greater at the margin than in Asia, sub- 
Saharan Africa funding could rise to US$3.1 million, at which point the rate of return 
would be comparable to that in Asia (Table 3.3, Case C). This would still be less than 
one half of the 1991 allocation to that region (Table 3.1). 
On the basis strictly of the share in output, sub-Saharan Africa would justify 
1.6 percent of the global funding, or US$O.63 million. To equate the return on sub- 
Saharan Africa funding with that allocated to Asia would imply funding for sub-Saharan 
Africa between US$O.77 million and US$3.1 million. The Panel notes that the upper 
bound of this range approximates the level estimated by TAC (1992, p. 174) on the basis 
of the system of modified weightings. 
Finally, an estimate was made of the annual rate of output growth in sub- 
Saharan Africa which would be needed to make the returns to investment due to CGIAR 
funding, equal to those presently achieved in Asia. If the annual rate is 0.5 percent in 
Asia, based on a total rate of output growth of 2 percent of which 25 percent is 
attributable to the CGIAR investment, then the rate in sub-Saharan Africa would need to 
be over 5 percent per year, or over ten times the rate in Asia (Appendix Table B-3). 
Based on past evidence, it would seem difficult to sustain a case that output growth of 
rice production in sub-Saharan Africa, solely due to CGIAR efforts, could be sustained at 
5.5 percent per annum from now till 2030. 
It is widely recognised that research is characterized by lengthy delays, both in 
the generation and the adoption of new matefials and knowledge. This means that 
relating current research expenditures to today’s output levels is not necessarily 
appropriate. The Panel were cognizant of this difficulty, and considered that the question 
of balance in the CGIAR rice research portfolio would be better considered by looking 
ahead. This was done by projecting the future demand for rice, and then asking what 
increases in productivity would be necessary Ito meet that demand. 
Details of the procedures for projecting demand and the matching increases in 
supply, are set out in Appendix C. Rates of growth for demand were taken from Crosson 
and Anderson (1992, p.80) and applied to all regions, with the exception of sub-Saharan 
Africa, where significantly higher rates were used. A summary is given in Table 3.4. 
Based on these projected levels of demand, the Panel sought to develop 
estimates of the increases in area and yield which would be necessary to ensure that 
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future output matched projected needs. Clearly, a significant element of judgement 
entered into this process. It is stressed that the results are to be viewed as indicative 
only. Others may well want to substitute other values; the only restriction is that in any 
event, the output must match the projections for the quantity demanded. In each case, the 
indicative yield is that which would be needed to generate the required output once the 
contribution of any increases in harvested area and reductions in the yield gap had been 
incorporated. Details of the assumptions concerning yield ceilings and yield gaps are 
given in Appendix Table C. 1. An overall summary of the results is presented in 
Table 3.5 (by region) and Table 3.6 (by ecosystem). 
It is hardly surprising that over 90 percent of the increased output will have to 
come from Asia. In contrast, less than 4 percent of the increase would correspond to 
sub-Saharan Africa. Yet the current allocation of CGIAR funds has over 20 percent 
directed at sub-Saharan Africa (Table 3.5). These results serve to again highlight the 
over-riding issue of regional balance in the current CGIAR core funding. 
Table 3.4: Demand Projections for Rice in Developing Countries (By Region, 
1987-2030) 
Asia (excl. China) 2.4 1.3 560.4 
China 2.4 1.3 362.3 
SSA 5.0 2.0 28.0 
LAC 2.4 1.3 38.8 
WANA 2.4 1.3 10.5 
Source: Crosson and Anderson (1992, p.80) except for SSA (Panel Estimates). 
3.4 Balance Between Ecosystems 
Based on the demand projections and the analysis of the potential increases in 
supply necessary to match these, a summary by ecosystem was developed (Table 3.6). 
About 80 percent of the total required increase would have to come from the irrigated 
Table 3.5: Actual and Indicative Output Levels and Current Research Expenditures: By Region 
Asia (excl. China) 95.8 2.7 258.5 109.2 5.1 560.4 301.9 56.3 25.80 65.6 
China. 32.7 5.4 174.7 37.2 9.8 362.3 187.6 35.0 0.00 0.0 
SSA 5.1 1.5 7.6 8.1 3.5 28.0 20.4 3.8 8.43 21.4 
LAC 7.9 2.3 18.4 9.1 4.3 38.8 20.4 3.8 4.20 10.7 
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rice systems. The Panel estimates that some 20 percent of the increases could reasonably 
be expected to come from rain-fed lowlands and upland areas. Yet these latter sectors 
currently attract close to one half of the core funding of the CGIAR system. Naturally 
within the estimates that the Panel has made there is some scope for substitution between 
regions and ecosystems. However, a smaller contribution from one ecosystem, would 
necessarily require the contribution of other ecosystems to be greater in order to meet the 
target requirements. 
The Panel recognises that resources have been consciously redirected to these 
less favoured ecosystems, but cautions that a sustained misallocation of funding could be 
costly in terms of meeting global rice needs. 
3.5 Balance Among Research Themes 
A final step in the analysis involved decomposing the sources of output growth 
in a manner that related to the principal research themes discussed in Chapter 2. Based 
on the assumptions concerning possible changes in area and yield increases, it is possible 
to estimate the contribution that each would make to the required growth in output. 
Figure 3.2 illustrates the indicative growth in yields needed in the Asian 
irrigated sector. Overall yields would need to rise from 4.5 to 8.5 t/ha. The increase of 
4.0 t/ha is broken down into two components. The first is an increase of 1.6 t/ha due to 
a reduction in the present yield gap of 52 percent to an indicative level of 35 percent. 
The second is a further rise of 2.4 t/ha achieved by raising the yield ceiling from its 
present estimated level of 9.5 t/ha to 13 t/ha. In addition, increases in harvested area 
through higher cropping intensity or planting additional land, also add to output. The full 
decomposition of the sources of output growth for this sector are set out in Table 3.7 and 
illustrated in Figure 3.3. 
These results highlight the importance of higher yield ceilings in the irrigated 
sector As seen in Table 3.7, the required increase in output of 160 mt in the irrigated 
sector of Asia could theoretically be achieved without an increase in the yield ceiling. 
But this would imply a very small yield gap and a high yield of 8.5 t/ha, both of which 
are unrealistic when it is considered that these are averages across all irrigated 
environments, including the less favourable, and ‘across both rainy season and dry season 
crops. 
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A complete summary of the sources8 of growth for all regions and ecosystems is 
set out in the Appendix Tables C.3 to C.4. For all but the irrigated sector, there are 
some problems in deriving the results because of greater uncertainty about current and 
future yield ceilings, and the extent of yield gaps. Because future required yields in 2030 
are mainly well below the probable level of current yield ceilings, closing the yield gap is 
clearly going to be the major priority. At the same time, an increased yield ceiling could 
well make an important contribution. The over-riding conclusions remain: 
(a) approximately 70 percent of the needed increase must come from these two 
themes within the irrigated sector alone; and 
(b) over 90 percent of the increased demand is in Asia. 
If the core funding for rice research. by the CGIAR is to play its full part in 
contributing to the projected increase in the demand for rice, future funding will need to 
be directed in large part to these challenges. 
Figure 3.2: Yields (t/ha) of Irrigated Rice in Asia (excluding China): 1986-88 and Indicative Levels for 2030 
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Table 3.7: Indicative Sources of Growth in Irrigation Rice Output in Asia 
(excluding China) 1986-88 to 2030 
1986-88 30.3 4.5 137.2 
2030 35.2 8.52 297.6 
INCREASED OUTPUT I 160.4 
1. Reducing the Yield Gap 
2. Raising the Yield Ceiling 
3. Increasing the Cropping Intensity (assutniug 
area sown is constant) 
4. Interaction Effect 
Table 3.8a: Sources of Output Growth: By Ecosystem as Percentage of Total 
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Table 3.8b: Sources of Output Growth: By Region as Percentage of Total 
Asia (excl. China) 20.5 22.7 5.5 
China 16.2 13.5 3.3 
SSA 0.8 1.8 0.3 
LAC 1.6 1.7 0.3 
WANA 0.4 0.4 0.0 
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Figure 3.3: Indicative Increases in Area and Yield in Irrigated Rice - Asia (excluding China) 
Between 1986-88 and 2030 
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Chapter 4 - How Might the CGIAR Effort be Structured? 
4.1 Current Situation of Rice Research in the CGIAR 
The current organization of rice research in the CGIAR has already been 
discussed in sections 1.4 and Appendix D. The major centres addressing the needs for 
commodity improvement research in rice are IRRI, WARDA, IITA, and CIAT. Their 
work is directly complemented by that of IBPGR in the area of genetic resource 
conservation, IFPRI in policy research, IIMI in irrigation research and ISNAR in research 
management. 
IRRI has the global mandate for rice research in the CGIAR and also covers 
the regional needs of Asia, West Asia-North Africa, and Eastern and Southern Africa. 
WARDA has a regional mandate for rice research and development in West Africa. IITA 
has a mandate for improving the productivity of agriculture in the humid and subhumid 
agroecological zones of West Africa. CIAT hias a regional mandate for rice research in 
Latin America and the Caribbean. 
The Panel considers that the strengtlhs of the current arrangements are the 
following: 
0 an effective global centre which has achieved spectacular success and serves as 
an outstanding example of the benefits that can accrue to investments in 
agricultural research; 
0 well-focused regional centres that are positioned nearer to their clients, while 
maintaining links with the global centre through direct collaboration and 
participation in the INGER network; 
intellectual leadership and support provided by IFPRI in the area of global 
policy research issues of major significance to rice; 
support provided by IBPGR in collaboration with IRRI in the area of plant 
genetic conservation; 
the close links of the CGIAR Systern with national programme partners has 
encouraged them to give greater national priority to rice research. 
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The Panel considers that the major weaknesses of the current arrangements are 
the following. 
0 As a consequence of past decisions of the CGIAR, there is an over-allocation of 
research funds to sub-Saharan Africa. This imbalance is sustained because of 
the lack of a systematic attempt to relate CGIAR priority setting and resource 
allocation to potential payoff to investments in research. 
0 CGIAR resource allocation has increasingly stressed the needs of the 
unfavourable rice-growing environments. The Panel recognizes the strong 
influence of the equity arguments in favour of such an over-allocation, but is 
concerned that the imbalance has gone too far. It stresses that a large part of 
the increased rice supplies needed for the future will have to come from 
favourable areas, and that a strong focus on irrigated rice research should be 
maintained. 
0 There is a problem of overlapping commodity mandates and, despite the 
existence of Memoranda of Understanding between the centres concerned, 
problems arise because of different interpretations of these agreements. 
0 In the case of sub-Saharan Africa, there is an overlap between the mandate of 
IITA, which is agroecological zone and resource management oriented, and that 
of WARDA which is commodity oriented. The inland valleys are a major 
focus of the work of both IITA and WARDA. 
0 As a result of the number of actors in international rice research, overhead 
costs appear to account for a disproportionate share of resources allocated to 
rice research. 
Changing Role of the CGIAR 
The initial rationale for the establishment of the CGIAR was to help increase 
food production through research and strengthening of national research systems. Over 
the past 20 years, the CGIAR has made a tremendous impact on rice production in 
developing countries and has made major efforts to strengthen the capacity of national 
rice research systems. The CGIAR has provided extensive training and access to 
improved technology and germplasm, facilitated collaborative efforts among national 
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programmes, enhanced regional collaboration, disseminated information, and 
demonstrated the potential returns that nation’al programmes can obtain from investments 
in rice research. Yet many national rice research systems remain weak, often as a 
reflection of political decisions within the countries concerned. While strengthening of 
national programmes will remain an important sphere of the CGIAR research activities, 
particularly through technology development, any case for the continued investment in 
rice research by the CGIAR should not be based primarily on the need to support weak 
national programmes. 
The products of most CGIAR research contain a significant element of public 
goods at an international level, i.e. goods which no one country would find worth 
producing but from which many could benefit. However, as knowledge becomes more 
specialized, greater use can be made of property rights to protect the originators and 
ensure that they capture a sufficient return to justify their investments. The evolution of 
these institutional mechanisms to internalize the benefits could be seen as reducing the 
need for the CGIAR System. However, in the future the CGIAR will need to play a role 
in facilitating access to proprietary knowledge. 
TAC has identified strategic research activities in four areas as being 
particularly appropriate for long-term support by the CGIAR: germplasm improvement 
and conservation; natural resources management; policy and management; and 
information exchange (TAWCGIAR, 1990). 
As argued in preceding chapters, there is a strong case for a continued 
involvement in rice research but the mix of CGIAR activities must be different from that 
of the past. The Panel sees the comparative #advantage of the CGIAR in rice research 
over the next 30 years to be in the areas as identified by TAC. It does not consider that 
the CGIAR has a permanent role in supporting weak national systems as this will 
inevitably create long-term dependency. 
In developing its medium-term vision of the CGIAR, TAC proposed that in the 
future, the CGIAR could be restructured to engage in two types of activities, global and 
ecoregional (TACKGIAR, 1992). Global activities would be focused on commodities 
and selected subject matter areas. Ecoregional activities would focus on applied and 
strategic research on the ecological foundations of sustainable production systems, 
commodity improvement in collaboration witlh global commodity activities, and interfaces 
with national partners. 
37 
The focus on the ecological foundations of sustainable production systems 
directly reflects the heightened emphasis on natural resources management in the CGIAR. 
TAC foresees future global activities focused more narrowly on germplasm enhancement 
and conservation, and selected subject matter areas, including policy, management and the 
maintenance of biodiversity. Such global activities offer economies of scale from their 
global relevance across agroecological zone and regional boundaries. 
The Panel considers that such an approach would be appropriate for the future 
organization of rice research in the CGIAR. IRRI would maintain the global 
responsibility for rice research and related activities in the CGIAR with respect to 
germplasm activities and commodity improvement of a strategic nature. IRRI would also 
provide training on issues of a global strategic nature and would maintain an important 
service function for national programmes. Regional rice programmes should evolve to be 
more integrated into ecoregional programmes in their respective regions. Global non- 
commodity/production sector activities are currently addressed by IBPGR (germplasm 
conservation), IFPRI (policy research), ISNAR (research management) and IIMI 
(irrigation management) and this should continue. 
TAC has not yet made recommendations on ecoregional responsibilities and the 
situation regarding rice research remains unresolved. CIAT is implementing an 
ecoregional ,approach to research in the savannah and hillside areas of tropical America, 
where rice cropping systems are of particular importance. IITA assumes responsibility 
for the inland valleys of subhumid and humid West Africa, in which rice is often an 
important crop. WARDA’s ecoregional approach is defined by five aspects of its 
strategy; mandate, resource and crop management focus, sustainable production systems, 
farming systems perspective, and partnership (WARDA, 1993). Its focus is on the 
institutional level on agroecological zones within West Africa and part of Central Africa, 
at the programme level on major rice producing environments and at the project level in 
distinct agroecosystems. 
CIMMYT and IRRI have a major collaborative research project on rice/wheat 
cropping systems of Southern Asia. IRRI has proposed to assume ecoregional 
responsibilities through a consortia approach for the rainfed lowland and upland rice 
ecosystems of Asia. IRRI and ICRISAT plan to have a collaborative project on 
understanding the scope for improved nutrient management in rainfed lowlands through 
rice-grain legume cropping systems, and the potential impact on food output and stability 
of farmer incomes. IRRI is also involved in environmental characterization of the warm 
subhumid tropics and subtropics of Asia and plans collaborative research with ICRAF on 
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finding alternatives to shifting cultivation. IRRI is the only major commodity centre 
working in the warm humid tropics and subtropics with summer rainfall of Asia. 
Environmental characterization using GIS and quantifying the scope and identifying the 
causes of declining factor productivity in continuous double and triple-crop irrigated rice 
systems, with an emphasis on the generation of new methods to quantify rates of change 
in the productive capacity of the natural resource base are also important research 
activities in this zone. 
We will return to the issue of the organization of rice research from an 
ecoregional perspective in following sections of this report. 
Evolving Reorganization and Responsibilities 
There have been substantial recent (changes in organization within centres to 
meet the changing needs of rice research. 
IRRI’s major reorganization has been commended by the IRRI External 
Programme Review. In our view, in addition to its global responsibilities outlined 
earlier, it is appropriate that IRRI should be responsible for all CGIAR rice research 
activities within Asia, where rice is such a dolminant crop within the farming systems. 
Organizational structures should therefore ens.ure appropriate linkages with the Asian 
national programmes and with other IARCs carrying out rice-related research within the 
region. 
China is by far the largest and one of the most competent national programmes 
in the Asian region. Although IRRI makes no specific allocation of research funds to that 
country, China benefits greatly from germplasm distribution and other services provided 
by IRRI. The importance of spillover benefit.s to China from the CGIAR investment in 
rice research in Asia should not be underestimated.’ China also values IRRI’s role in 
facilitating meetings with other national scientists from across the region, and appreciates 
the service role of IRRI. 
In addition to China, some of the Asian countries also have strong national 
programmes, so IRRI has the opportunity to focus on a genuinely strategic role. The 
Consortia and Research Networks that IRRI continues to develop in full partnership with 
some of the stronger national programmes seem to be very appropriate mechanisms that 
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allow IRRI to concentrate on strategic issues, while further strengthening national 
programmes and encouraging them to take on some regional responsibility. 
The Panel considers that other CGIAR centres that carry out rice-related 
research in the humid and subhumid agroecological zones of Asia should link with IRRI 
via some ecoregional mechanism. The CIMMYT link on rice-wheat and the ICRISAT 
one on legumes for rainfed lowlands are good examples. The Panel also considers that 
IRRI’s adoption of a resource management mandate through its ecosystem approach, and 
its good links with national research systems, go a long way to fulfilling other 
requirements of an ecoregional role. 
CIAT has also undergone a recent reorganization along ecosystem lines, though 
rice research remains as a commodity programme that will have to link with separate 
“ecosystem” (Resource Management) programmes. CIAT’s link with IRRI, through an 
IRRI liaison scientist located at CIAT and whose primary responsibility is the 
implementation of INGER, seems to us to work well. The Panel regards it as a good 
general pattern for ensuring that IRRI’s global role outside Asia is supported in a given 
region through an ecoregional approach to research. 
WARDA has also undergone radical transformation since its inception as a 
CGIAR Centre in 1986: headquarters have been relocated from Monrovia, Liberia, to the 
newly constructed main research centre at M’be near BouakC, Ivory Coast; research 
programmes have been completely reoriented to reflect the new ecosystems focus; and 
task forces have been put in place for each of the major ecosystems as a mechanism for 
developing effective partnership with national programmes and other relevant institutions 
(Terry, 1992). 
The Third External Programme and Management Review (1993) of WARDA 
was highly complimentary about the transformed WARDA and the Inter-Centre Review 
Panel explicitly recognizes the validity of that assessment. Suggested changes in the 
structuring of rice research for sub-Saharan Africa which are given in Section 4.4, in no 
way imply poor performance of WARDA. 
The West Asia-North Africa region has its own distinct winter-rainfall 
agroecological zone. Rice is produced during the hot dry season and is fully irrigated. 
There is no ecological basis for a link with sub-Saharan Africa and in the Panel’s view it 
should remain as a separate region. Egypt is the largest producer, has a strong national 
programme on both research and training and is eager to take on regional responsibilities. 
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We consider that CGIAR support for this region should be little more than global 
backstopping by IRRI, operating through Egypt as a regional coordinator. The present 
arrangement where IRRI funds part of the time of one scientist in its Egypt “Country” 
(bilateral) programme to act as a regional coordinator seems a sensible one. If there were 
no bilateral programme through which this could be done, an alternative strategy could be 
to fund a nationally recruited liaison scientist., We believe similar arrangements of a 
direct link to IRRI through a liaison scientist is appropriate for the ECSA region. 
4.4 Further Changes 
Sub-Sahamn Ajiica 
Organization of CGIAR rice research in sub-Saharan Africa is more complex 
than in other regions because of the existence of a rice commodity research centre 
(WARDA) and an upland crops/farming systems/resource management research centre 
(IITA) in the same region, both with mandates covering the humid and subhumid tropics 
of West Africa. Overlapping mandates of WARDA and IITA create uncertainty about 
who should be doing what. For example, both WARDA and IITA have major projects 
for the development of inland valleys. In terms of the principle discussed above, rice 
research should not be done in isolation from cropping/farming systems research. The 
Panel notes that the WARDA External Review calls for WARDA and IITA to work 
closely together. 
Several features of the current organization of CGIAR rice research in sub- 
Saharan Africa have been identified above and in earlier sections of the report as causing 
some concern. They include: 
0 separation of rice commodity (WARDA) and cropping/farming systems (IITA) 
responsibilities in separate institutions; 
l 
l 
some unnecessary duplication of overheads as a consequence of having two 
separate institutes; 
overlapping mandates of WARDA and IITA in the humid and subhumid tropics 
of sub-Saharan Africa; and 
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0 the substantially greater share of CGIAR rice research funds going to sub- 
Saharan Africa than can be justified in terms of either production or growth in 
demand for rice when viewed from the global perspective. 
A further complicating factor is that the rice commodity mandate of WARDA is 
limited essentially to West Africa. 
The Panel believes that all of the above concerns would be effectively 
addressed if the principle of organizing research through a regional, ecologically based 
institute were adopted in sub-Saharan Africa but recognizes that changing to this model 
would have implications for the institutions in the region. Ultimately however, a more 
appropriate level of funding of the CGIAR effort in Africa will restrict the range of 
institutional options available. 
Based on the findings of the WARDA External Review, the Panel notes that 
any substantial reduction in resources for sub-Saharan Africa would essentially remove 
the option of delivering rice research in West Africa through a stand-alone commodity- 
based institution (WARDA). Maintaining funding at existing levels would apparently not 
allow WARDA to continue operation as a stand-alone commodity based institution serving 
a limited region. A fully functional rice commodity institution could only be maintained 
if the budget were increased by approximately 25 percent above current levels. As the 
1993 External Review notes (pv), “WARDA as a whole has been reduced close to the 
level of critical mass, and in some respects may already be below it”. In the absence of 
additional core funding, continued operation would require expanding the “open centre” 
concept through adding a significant number of externally funded scientists to the core 
group. 
As a result of its deliberations on the global allocation of CGIAR core 
resources, the Inter-Centre Rice Review Panel has concluded that sub-Saharan Africa is 
heavily overfunded by whatever indices are chosen and that, in the interests of meeting 
global demand for rice in the longer-term future, a greater proportion of funds should be 
allocated to the Asian region. It is also of the view that allocation of more than 9 percent 
of the rice research budget to sub-Saharan Africa could not be justified even if all of the 
arguments based on equity, strength of national programmes, existing level of technology, 
fragility of ecosystems, were to be accepted. This corresponds with the level suggested 
in the analysis of CGIAR priorities and strategies (TACKGIAR, 1992), when taking the 
above considerations into account although it remains above the level at which returns to 
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investment would be equated with returns in .Asia even under optimistic rates of progress 
in sub-Saharan Africa (see Chapter 3). 
If the CGIAR accepts the Panel’s views on the appropriate allocation of core 
resources for rice research, and in view of the above, there appear to be two options for 
WARDA. 
l Seek additional funds beyond those provided by the core allocation from the 
CGIAR. 
Integrate with IITA. Such integration could take one of a number of forms. 
The Panel did not consider that its mandate extended to specifying particular 
institutional arrangements. This is an issue that the management and Boards of 
Trustees of both centres would need to address. 
The Review Panel favours the second option because its adoption would at once 
provide opportunities for integration of rice research with research on crop and resource 
management and remove the existing mandate problem. It is envisaged that IRRI would 
continue to provide research services in Eastern and Southern Africa. INGER would 
continue to be operated by IRRI for the whole of sub-Saharan Africa in partnership with 
the new WARDA/IITA initiative. 
The Panel is cognizant of the inevitable adjustment costs of restructuring the 
CGIAR rice research effort in sub-Saharan A.frica. However, the enormity of the task of 
satisfying global demand for rice in the medium to longer term, makes it imperative that 
limited CGIAR research funds are applied in the most effective way possible from a 
global perspective. 
4.5 Collaboration 
As indicated elsewhere in this report, the CGIAR is only one small actor on the 
global rice research scene accounting for approximately 6 percent of total funding. The 
Group is dependent on advanced research institutes for biotechnology tools and basic 
research and specialist scientific skills. The bridging role of the CGIAR between 
advanced institutions and national research systems will remain important. Close 
collaboration with other major actors such as France (particularly through CIRAD and 
ORSTOM) and other national and international agencies will also be essential. 
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The national research systems will continue to have responsibility for the bulk 
of rice research in developing countries. Those with low resource endowments will 
continue to rely for needed technology on regional cooperation and networking, and 
continue to draw upon the research output of advanced national programmes and regional 
and international institutes (IRRI, 1989). Stronger national programmes will continue to 
rely on the CGIAR for germplasm exchange, collaboration on strategic issues and for 
service functions. 
In order to effectively meet the enormous challenge that the international 
system faces, close collaboration between the centres concerned with rice research either 
directly or indirectly will be essential for success. To date, the CGIAR System rewards 
competition rather than collaboration between centres in terms of allocation of resources. 
The Panel would urge TAC to develop mechanisms that encourage and promote inter- 
centre collaboration, for example through financial incentives. 
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Chapter 5 - Conclusions 
Rice is the single most important food staple in the world. Demand for rice 
will continue to grow, year after year. Even although population growth rates are 
slowing and rice consumption falling in many populated areas, demand will more than 
double by the year 2030. The majority of that extra output will be needed in Asia, where 
over 90 percent of the world’s rice is currently produced and consumed. 
While there is some scope for modest increases in the land devoted to rice, by 
far the greater part of the extra output will have to result from higher productivity. This 
means greater output per unit of land, of labour, of water; in short, more rice will need 
to be produced from the scarce resources. Improved productivity can stem from a 
number of sources; better infrastructure, improved marketing, access to information, and 
revisions to domestic and international policies all play a part. Perhaps the single most 
important source of productivity growth is technological change - the application of new 
knowledge, materials and techniques to rice production. 
Investments made in rice research by national programmes, producer 
organizations, the private sector and the international community have paid handsome 
dividends in the past. There is ample evidence that the rates of return to investment in 
research have typically been well in excess of those that the funds could have generated in 
other uses. With continued need for greater productivity as a prime source of growth in 
output, there is no reason to suspect that future returns to rice research will be 
significantly lower. As a consequence, a case can be made that the overall level of core 
funding for rice research in the CGIAR should at least be maintained. Any further cuts 
in real terms could prejudice the generation of new technology which must underpin the 
future supply of rice. 
At the same time, it is clear that the funding available for rice research both 
from national and international sources will continue to be tight. This makes it even 
more imperative that the core funding of the CGIAR for rice research be allocated in a 
manner which ensures the greatest possible contribution to global rice needs. 
The Panel has considered the question of the appropriate level of funding for 
the sub-Saharan Africa region. In 1991, US$8.43 million were allocated to this region; if 
the funds invested in sub-Saharan Africa were required to generate a return comparable to 
the funding allocated to Asia, then the amount would need to be reduced to 
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US$O.8 million. Even allowing for a range of special conditions that might be argued 
apply to the case of sub-Saharan Africa, this figure would not exceed US$3.1 million or 
about 9 percent of all core funding. The Panel notes that this amount approximates that 
implied by the priority ranking assigned by TAC in the Review of CGIAR Priorities and 
Strategies (TAC/CGIAR 1992, p. 174). 
The level of core funding that has been applied to research problems in the less 
favourable rice growing systems has increased significantly in recent years. There have 
been a number of justifications for this, including an argument that equity is improved by 
using scarce research funds in harsher areas, that these areas gained little benefit from the 
green revolution, and that emerging problems in irrigated culture will mean that a greater 
proportion of future supplies would need to be grown in these areas. The analysis 
undertaken by the Panel suggests that about 6 percent of global needs might be met from 
upland rice areas by 2030. Even this presupposes that yields could be virtually doubled. 
At present the CGIAR System has chosen to allocate over 20 percent of its core funding 
to upland regions. The Panel expresses concern that this may not be appropriate, and 
urges that close monitoring be undertaken to ensure that the potential gains that must 
eventually be realized in these areas are commensurate with this level of funding. In 
addition, the Panel notes that these upland areas represent the major priority focus of 
French research organizations, which assign approximately 45 senior scientists to rice 
research in developing countries. 
Enhanced productivity will require that the ceiling yield of rice be lifted 
substantially. Furthermore the yield gap between that ceiling and the average yields 
obtained by farmers will have to be markedly reduced from their current levels. Both 
these changes must occur in the context of sustainable use of the rice growing resource 
base. Achieving sustainability, together with the reduction in the yield gap, will involve 
advances in understanding about crop and resource management together with adaptions 
of that knowledge to a myriad of local circumstances. Advances on all fronts will be 
needed if future needs are to be met. In particular, serious attention must be focused on 
raising the potential yield of the rice plant. 
This is a major scientific challenge; it is now 25 years since the last major 
breakthrough. While China has been successful in the use of hybrid rices to lift the 
ceiling yields, other major rice-growing areas are still operating with much the same 
ceiling yields that accompanied the introduction of modem dwarf varieties. The CGIAR 
will need to ensure that its support of rice research is directed at making those basic 
scientific advances in which the system has a comparative advantage. Increased emphasis 
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will need to be placed on fundamental and strategic research to generate the knowledge 
that will underpin expansion of output in the future. The Panel’s findings are that within 
the irrigated sector, raising the yield ceiling will be as least as important as reducing the 
yield gap. 
The Panel endorses the view of the External Review of IRRI (1992) that a 
global approach to germplasm development is a crucial element of both raising the yield 
ceiling and reducing the yield gap. IRRI is uniquely placed to play a pivotal role in this 
process, and any moves which threaten its core funding must be viewed as having 
potentially grave consequences for future rice output. 
The Panel recognizes that if the CGIAR accepts the need for a major regional 
reallocation of its core funding of rice research, there will need to be changes in the 
present institutional arrangements for rice research in West Africa. The External Review 
of WARDA (1993) has emphasized the competent management and applauded the well- 
focused research programmes at WARDA. T:he Panel’s own observations would 
reinforce these findings. But the allocation of global funding for rice research must be 
seen as a separate question to the performance: of an institution. 
The External Review notes that WARDA is most likely operating at or below a 
critical mass and stresses that the centre needs additional funding. It is the judgement of 
this Panel that any expansion of CGIAR core funding to WARDA should not be 
entertained. From a global perspective, there can be no case to justify further distortions 
to the pattern of core funding. The CGIAR could not justify the level of core support 
which is apparently needed to sustain a viable separate commodity institute for a 
relatively small region. Total output of sub-Saharan Africa is after all, less than one half 
that of Vietnam. Should such support be made available, it could only come at the 
expense of the research needs in the major rice-growing areas of Asia. Neither efficiency 
nor equity arguments could justify further misallocation. 
Alternative arrangements need to be: sought urgently so that a reduced level of 
core support commensurate with the global importance of West Africa can be effectively 
applied. The option favoured by the Panel is for the CGIAR to allocate its core funding 
for rice to a new integrated WARDA/IITA initiative. This would have the following 
advantages: 
rice research would be placed firmly in the context of a programme focused on 
farming systems; 
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0 the problem of overlapping mandates would be resolved; 
l by spreading overheads more efficient use of limited funding could be achieved; 
0 rice research conducted by the WARDADITA initiative would be handled by an 
ecoregional mechanism linked with the global commodity centre. 
This arrangement would in no way preclude the possibility that WARDA 
should continue to operate as a regional research centre, supported by regional funding 
supported by contributions from other sources. The Panel’s recommendation in no way 
diminishes the importance of rice research in the region. It simply follows from the need 
to ensure that the limited core funding of the CGIAR is applied in a manner 
commensurate with global needs. 
With respect to Latin America and the Caribbean, the Panel notes that there is 
perhaps a case to be made for reducing the level of core support marginally. However the 
matter is not clear cut; in fact, some of the indicators used in the analyses suggest that 
additional funding could be justified. The present institutional arrangements however are 
well established, and the CIAT rice programme acts as an ecoregional mechanism with 
appropriate links to the global centre. 
In both West Asia-North Africa and remaining areas of Eastern and Southern 
Africa, the current approach adopted by IRRI based on bilateral funding is seen as 
appropriate. 
The Panel concludes by reiterating that the CGIAR allocates almost one third of 
all core funding for rice research to sub-Saharan Africa and Latin America. Yet, the 
increased demand in these regions represents no more than 7 percent of the additional rice 
needed in developing countries by the year 2030. In the Panel’s judgement this is a gross 
misallocation of resources which calls for careful consideration and action. The 
opportunity cost of these funds is extremely high in terms of their foregone contribution 
to both Asian rice output and the alleviation of poverty. 
The problem is particularly severe in the case of West Africa. Increased needs 
in this zone represent at most 2 percent of global needs; yet the CGIAR is devoting 
17 percent of its core resources to this part of sub-Saharan Africa. The most significant 
step which the Group must take with respect to core funding of rice research is to correct 
this misallocation. 
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Finally, the Panel reiterates that the challenge facing the CGIAR in assisting 
national research efforts to double rice production during the next few decades is 
enormous. The CGIAR must continue to focus on global food needs. Any diversion of 
effort from priority areas will inevitably weaken the CGIAR’s demonstrated ability to 
contribute to increasing the world’s food supplies. 
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Appendix A - Supplementary Tables 
Table A.l: Area, Yield and Output By Region and Ecosystem: 1986-88 
Asia 
SSA 
LAC 
WANA 
TOT& .: 
‘. : .:. 
.!’ ;h&... yield 1 
.,..,. . . . :.:., :: tlha. 
Irrigated 62,967 4.95 
Rainfed Lowland 37,266 2.21 
Upland 16,705 1.30 
Deepwater Tidal 11,565 1.50 
Sub-total 128,505 3.37 
Irrigated 1,014 2.05 
Rainfed Lowland 1,217 1.63 
Upland 2,688 1.24 
Deepwater Tidal 152 1.05 
Sub-total 5.072 1.49 
Irrigated 2,690 4.03 
Rainfed Lowland 870 2.54 
Upland 4,193 1.23 
Deepwater Tidal 158 1.16 
Sub-total 7,911 2.32 
TOTAL - Developed Countries I 1,751 1 5.42 
World Total 144,545 3.29 473,489 
sources: 
output 
‘ooot 
311,902 
82,307 
21,660 
17,328 
433,197 
2,080 
~,009 
3,333 
160 
7,581 
10,848 
2,206 
5,168 
184 
18,386 
4,840 
464,004 
9,485 
The totals for each region are from IRRI, Rice Facts (February 1990) with the exception of WANA which is 
based on 1987-89 data from FAO. 
The basis for the breakdown by ecosystem is from IRRI data reported in CIAT’s Rice Programme: Context and 
Strategy, December 1992 (Table 8), except for SSA where the breakdown was estimated by the Panel using 
FAO and IRRI data and estimates of yields from WARDA. 
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Table A.2: 
LAC 
WANA 
Allocation of Core CGIAR Rice Research Expenditures By Region, Ecosystem and 
Centre (US!§ million, 1991) 
Irrigated 
Rainfed Lowland 
Upland 
Deepwater Tidal 
Sub-total 25.80 
Irrigated 
Rainfed Lowland 
Upland 
Deepwater Tidal 
0.75 
0.30 
0.35 
0.10 
1.50 Sub-total 
Irrigated 
Rainfed Lowland 
Upland 
Sub-total 
Irrigated 
p-J+)& : .jj 
;-2--,;;i,- 
+j& :j 
10.30 
7.00 
5.20 
3.30 
0.90 
0.30 
0.30 
1.50 
0.90 
29.70 
:I~ o.oo i
0.11 
0.00 0.22 
1.60 I 
0.55 
0.55 
2.70 0.00 
Sources: 
1. Core funding by centre from the CGIAR Annual R~eport, 1991. 
2. Alloction by region by centre from 1992 Review of CGIAR Priorities and Strategies. 
3. For the breakdown of expenditures across ecosystem: 
- IRRI: Medium-Term Plan 1990-94 
- CIAT and IITA: Panel Estimates 
- WARDA: 1993 External Review Report 
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Table A-3: Research Expenditures in Relation to the Value of Rice Production: By Region and 
Ecosystem 
&x-it : 
--i--L--i. 
. ..k. 
Irrigated 10.30 26.2 59,349 67.2 
Rainfed Lowland 7.00 17.8 15,661 17.7 
Upland 5.20 13.2 4,122 4.7 
Deepwater Tidal 3.30 8.4 3,297 3.7 
: :k-i 
.-----L. .’ : 
.a 
0.02 
0.04 
0.13 
0.10 
0.03 
3.3 
8.5 
24.0 
19.0 
Sub-total 25.80 65.6 82,429 93.4 6.0 
Irrigated 3.10 7.9 396 
Rainfed Lowland 1.95 5.0 382 
Upland 2.41 6.1 634 
Deepwater Tidal 0.97 2.5 32 
0.4 
0.4 
(E) 
0.78 149.1 
0.51 97.1 
0.38 72.3 
3.05 579.5 
Sub-total 8.43 21.4 1,444 1.6 0.58 111.1 
Irrigated 2.50 6.4 2,064 2.3 
Rainfed Lowland 0.85 2.2 420 0.5 
Upland 0.85 2.2 980 1.1 
Deepwater Tidal 0.00 0.0 35 0.0 
23.0 
38.5 
16.5 
0.0 
Sub-total 4.20 10.7 3,498 4.0 
0.12 
0.20 
0.09 
0.00 
0.12 22.8 
Irrigated 
counttjiq ‘: : 
0.90 
: ..:3933, 
921 1.0 
100.0 
0.21 
0*0;4 
18.6 
8.5 
:::: : :. > j,.{:j.; :..j 
: j ,i; ;,,j .;.,: p: :.,: . 
::~F&$i&:.;: 
: : : .,.., 
. . :, .,.:.. ,.:’ 
Asia 
SSA 
LAC 
Value of Output based on 1986-88 Milled Production Rice, with the exception of WANA (1987-89) 
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Appendix B - Impact of Reallocation of Core Research Funding across Regions 
The starting point for this part of the analysis is the derivation of a research production function 
for the three principal regions; Asia (including China), SSA and LAC. 
The research production describes the relationship between the rate of annual growth in the 
output of rice attributable to the CGIAR research effort and the long-term sustained level of CGIAR core 
funding for rice research. 
In deriving such a relationship, the following key points are used: 
(9 in the absence of CGIAR core funding, the rate of annual output growth would be zero. This 
rather obvious point establishes that the function should pass through the origin; 
(ii) increased funding will lead to higher annual rates of growth. Were this not the case, the 
CGIAR could also add to the outputs of rice by cutting its funding; 
(iii) those increments to output growth become successively smaller as research funding increases; 
i.e. there are diminishing returns to extra funding; and 
(iv) the annual rate of output growth would not exceed same ceiling level determined by reference 
to maximum historical rates. 
A simple functional relationship which captures these essential features is given by: 
y = a[1 - exp (-bx)] 
where Y = annual rate of output growth attributable to CGIAR core funding; 
X = level of CGIAR funding, where x = 1 compares to present funding levels; 
a,b = parameters of the function, where a defines the upper ceiling, and 
b determines the shape of the function. 
Given the value of parameter a, together with the growth rate when x = 1, we can solve for the unknown 
parameter b. This was done for each of the three principal regions. As in example, consider the values set 
out in Appendix Table B. 1 below. 
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Table B.l: Estimates of the Research Production Fu.nction: by Region 
:,,::i:... ,. j,. : : . . : 
Asymptote (a) 
Growth rates of: 
Area 
Yield 
output 
Share attributable 
to CGIAR 
Value of y when x = 1 
Estimate of the parameter (b) 
0.0 
2.0 
2.0 
25.0 
0.5 
0.69 
;;;;,&;d; i :. :: 
5.0 
2.0 
2.0 
4.0 
50.0 
LO 
0.51 
2.0 
2.0 
4.0 
50.0 
2.0 
0.62 
It is recognized that the function may be discontinuous because of the problem of critical mass. 
Consider the question of reallocating research expenditures, in this case from sub-Saharan 
Africa to Asia. The problem is illustrated in Figure B. 1. 
figure Et.1 (4 Rwerch ProducUon Function for Asia Figure 5.1 (b) Fbsearch Production Function for SSA 
rc 
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In Figure B. 1, 60 percent of the present funding is transferred from sub-Sabaran Africa [part 
(b)] to Asia [part (a)]. The result is to reduce the index of relative funding (x) in sub-Saharan Africa to 0.4, 
and increases to x = 1.13 in Asia. Because of the different absolute sixes of initial funding 
(US$23.8 million for Asia and US$8.43 million for sub-Saharan Africa) the values of x do not rise and fall 
in proportion. 
The value of y (the output growth rate) rises from 0.50 to 0.56 in Asia as a consequence of the 
additional funding, while declining from 2.00 to 0.92 in SSA, as the funding level is reduced. 
Table B.2: Impact on Output Growth Rates in Asia and sub-Saharan Africa from a Reallocation of 
Funding 
. . : .’ 
0.0 2.00 1.00 2.00 0.50 
0.2 1.68 1.07 1.68 0.52 
0.4 1.32 1.13 1.32 0.54 
0.6 0.92 1.20 0.92 0.56 
0.8 0.49 1.26 0.49 0.58 
1.0 0.00 1.33 0.00 0.60 
The values of y constructed in Table B.2, are based on the parameter estimates for the 
respective regions given in Table B. 1. 
Table B.3: Rates of Productivity Growth Needed in SSA and LAC for the Rate of Return on 
Investment in Rice Research to be Equated Across all Regions: 1987-2030 
Growth Rates ( W) 
Area (96 pa) 
Yield (96 pa) 
output 
Assumptions 
Share of growth attributable to CGIAR ( W) 
Research lag (years) 
Adoption lag (years) 
Annual research expenditures (US$million) 
Maintenance research costs as share of base research 
expenditure (96) 
ASIA. SSA LAC 
0.0 2.0 2.0 
2.0 8.9 2.2 
2.0 10.9 4.2 
25.00 50.00 
10 10 
10 10 
25.80 8.43 
50.00 
10 
10 
4.20 
25.00 0.0 0.0 
Based on rice price of US$284/ton. 
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Appendix C - Estimates of Future Rice Needs and Sources of Growth 
This appendix provides details of: 
(9 
(ii) 
(iii) 
the simple demand projections; 
the estimation of the supply increases sufficient to match the projected needs; and 
the decomposition of the growth in supply into its components. 
(8 Demand Projections 
These were based on the following assumptions: 
(4 that the price of rice was to remain constant in real terms; 
that there would be no inter-regional trade in rice; i.e., the projected needs would be met from 
supplies within the region, including the possibility of intraregional trade. The rates and 
projections by regions are given in Table 3.4. 
(ii) SUpply Increases 
Much of the increase in output will have to come from higher yields, although some allowance was made 
for growth in area in some regions. The basic assumptions about the yield ceilings and yield gaps are set 
out in Appendix Table C. 1. The attained yields projected for 2030 are those, which together with increase 
in area sown and/or cropping intensity, would generate sufficient additional rice to meet the projected 
demands. A summary of the indicative increases is given in Appendix Table C.2. 
(iii) Sources of Growth 
The total output increase in each region and ecosystem was decomposed into three parts. Firstly the amount 
attributable to increased area and/or cropping intensity was estimated. The balance of the required output 
then had to come from increased yields. The yield component was further disaggregated into (a) that due to 
a reduction in the yield gap assuming the existing yield ceiling; and (b) that due to an increase in the yield 
ceiling itself. Summaries of the results follow in Tables C.3 to C.4. 
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Table C.l: Yield Ceilings and Gaps: Assumptions for 1986-88 and 2030 
1986~&:i; : : 2030 
7”“’ ” ” 
Region1 
Ecosystenh- 
AC& (J&g .: j:. .: i Gap .: _ ,-*,,-i,--I,---I--l-ii-LILI y&&i 
&... i&i. : 
..& ,.g:& ;: ... Ceiling Gap Attained 
Actual Y&i. i ; :t”- 
t/ha. % tlha. 
j. 
Asia IRR 4.5 9.5 48 5.0 52 13.0 35 8.5 
RFL 2.2 7.0 32 4.8 68 9.0 53 4.2 
UPL 1.3 4.5 29 3.2 71 6.0 59 2.5 
DWT 1.5 5.0 30 5.3 70 7.0 60 2.8 
China IRR 5.3 10.5 51 5.2 49 13.0 25 9.8 
SSA IRR 2.1 8.0 26 5.9 74 12.0 33 8.0 
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Table C.2: Level and Distribution of Indicative Output Increases By Region and Ecosystem 
:::. 
. . . . . . . . . . . ..j..... 
:: . . . . :: 
.:: j$&+ 
.’ 
‘. 
Asia (excl. China) 
China IRR 187.6 35.0 
SSA 
LAC 
WANA IRR 5.7 
.T;OTAi :; 
IRR 160.4 29.9 
RFL 103.5 19.3 
UPL 22.9 4.3 
DWT 15.1 2.8 
Sub-total 301.9 56.3 
IRR 8.0 
RFL 6.3 
UPL 5.8 
DWT 0.3 
Sub-total 20.4 
IRR 
RFL 
UPL 
DWT 
Sub-total 
13.9 
1.5 
4.8 
0.1 
20.4 
1.5 
1.2 
1.1 
0.1 
3.8 
2.6 
0.3 
0.9 
0.0 
3.8 
1.1 
n Needed to meet the projected level of rice demand. 
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Table C.3: !Sources of Output Growth By Region and Ecosystem 
:Regibti :; j 
: 
.! 
Asia (excl. China) 
.: :: .. . . 
,stem 
IRR 
RFL 
UPL 
DWT 
China 
SSA 
Total 82.5 61.2 24.0 
IRR 3.3 2.7 0.5 
RFL 1.4 1.4 1.4 
UPL 0.9 1.2 2.4 
DWT 0.1 0.2 0.0 
LAC IRR 5.8 6.1 
RFL 0.7 0.4 
UPL 2.4 0.8 
DWT 0.0 0.1 
WANA Total 2.4 2.9 
= 
ild out&+ $ 
.&.&/$ 
.:.,::&* 
H&ye&d 
.:i iI+ ; : 
22.2 
15.4 
1.9 
0.0 
1.0 
0.3 
1.0 
0.0 
0.2 
19.3 igI.4 
13.9 .lOS.S 
1.7 22.9 
0.0 15.i 
19.5 i87.8. 
1.4 i.0 
2.0 6.3 
1.4 5.8 
0.0 0.3 
1.1 13.9 
0.1 1.5 
0.6 4.8 
0.0 0.1 
0.2 5.7 
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Table CA: Sources of Output Growth Within Ecosystems 
IRR 38 38 13 
RFL 37 33 15 
UPL 37 37 16 11 
DWT 39 61 0 
+.&i;::. .’ .., :< .., ~~::~:+~: ;J’g .,::;..:‘::‘.;‘ji~:.37 : 
Table C.4b: Sources of Output Growth Within Regions 
., ,’ ” ;: :..::::c::,j ,,,.,. :,.:.,j:. j ./.. :.::I:‘: :.:. .j . . . . . . . ~. 
:.., : :, :, :. : ‘: 
,,.,, ::&+.#@j&:;~ .~~i~~&&g ; 
: h&&as3 Areii :. 
: Reiji~~, ;; : : .yi&ii.$$ : : : Iyield :C&iling’, Harvested 
,’ 
yg) :,; ., g:. ..:. 96 
Asia (excl. ‘china) 34 41 13 
China 44 33 
SSA 28 27 
LAC 43 37 
WANA 42 51 
.: ‘.‘.’ jy&l;:.~-/.:; ;‘;:: . . . . . . . . . . ;& ,. :J:j .I :: ,: .’ j7. .;. 
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Appendix D - Organization of Rice Research in the CGIAR’ 
Crop improvement research in rice in the CGIAR is currently shared by three Centres - IRRI, 
CIAT and WARDA. IRRI was founded in 1959 by the Ford and Rockefeller Foundations with the support 
and cooperation of the Government of the Philippines to conduct research on rice that would help avert a 
looming food crisis in Asia where more than 90 percent of global rice production was, and still is, located. 
The research during the first decade focused on raising the yield potential of irrigated rice to nearly its 
present levels, predominantly by changing the morphological and physiological characteristics of the rice 
plant. 
In 1971, the CGIAR was established, with IRRI as one of the four centres in the System. 
During the 197Os, IRRI’s work was extended to include rainfed lowland and deepwater rice, and expanded 
in the areas of economics and problem soil research. Interdisciplinary work on evaluation and utilization of 
rice germplasm and its systematic collection, storage, distribution and testing was established during this 
period, as was the International Rice Testing Programme (IRTP). During the 197Os, IRRI stepped up its 
institution building role through technical assistance and began to lay the foundation for research 
collaboration with the national research systems. 
During IRRI’s third decade, there was further expansion of the research programme, 
strengthening of national rice research systems, growing concern for women in rice farming and for 
integrated pest management (IPM), and movement into biotechnology and strategic research in genetics and 
germplasm enhancement. To provide an effective regional focus, IRTP in 1984 was organized into IRTP- 
Asia, IRTP-Africa, and IRTP-Latin America and the Caribbean. IRTP-Africa was established in 1985 as a 
joint project of IRRI, IITA, WARDA and the national rice systems in Africa. The coordinator for IRTP- 
Africa has been located at IITA and for IRTP-Latin America at CIAT. The global coordinator located at 
IRRI also served as coordinator for IRTP-Asia. In 1989, IRTP was reorganized as the International Genetic 
Evaluation of Rice (INGER). 
IRRI’s current research is focused on protecting productivity gains already made and in finding 
ways to further increase rice production potential in favourable as well as unfavourable rice ecosystems. At 
the same time, it must deal with imperative concerns about sustainability and environmental protection, and 
the twin challenges of a stagnant yield ceiling and declining factor productivity in the favourable rice- 
growing environments. 
The relatively small rice research programme at CIAT began in 1969 when the Centre was 
established. The programme focuses on Central and South America and the Caribbean, with special 
attention to irrigated environments, and to acid upland environments. The Memorandum of Understanding 
between CIAT and IRRI, signed by their respective Directors General in March 1991, provides a 
framework for coordination of effort. 
I Source: Appendix VII of the 1993 Report of the Third External Programme and Management 
Review of WARD& 
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Research at IITA began in 1976 as a small component of the Cereal Improvement Programme. 
From the outset, the major focus of research was on varietal improvement for both upland and irrigated 
environments for West and Central Africa with particular reference to greater yield potential and blast 
resistance. Rice improvement research at IITA terminated at the end of 1990 when responsibility for 
lowland rice improvement was transferred to WARDA. 
In 1987, WARDA, which had been created in 1971 as an intergovernmental organization, 
became a fully-fledged CGIAR institution to conduct research on rice improvement and rice-based farming 
systems in West Africa. Prior to 1987, WARDA rece:ived CGIAR funding for conducting the Regional 
Coordinated Trials in West Africa, and for germplasm storage, seed laboratory, plant quarantine and 
nurseries. The terms of the IRRI/IITA/WARDA Memorandum of Understanding drafted in 1989, and 
signed by their respective Directors General in October 199 1, provided for the transfer of rice-breeding 
activities from IITA to WARDA by the end of 1990, :and for WARDA to assume responsibility for rice 
improvement in West Africa, focused on three major ecosystems; upland/inland swamp continuum (which 
includes the inland valley ecosystem), Sahel irrigated, and mangrove swamp. While IITA now has no rice 
improvement activities, it does conduct crop and resource management research in the inland valley 
ecosystem that is a major part of WARDA’s priority rice-growing environment, and a WARDA lowland 
rice breeder is based at IITA. 
Rice research geared towards the needs of Eastern, Central and Southern African countries, 
Madagascar, and the countries of West Asia and Nortlh Africa, has been covered by IRRI, initially through 
direct contacts and later through country projects in Egypt and Madagascar. IRRI’s collaboration with IITA 
and WARDA is facilitated by an IRRI Liaison Scientist and an INGER-Africa Coordinator based at IITA. 
In Latin America and the Caribbean, an IRRI Liaison Scientist and an INGER-Latin America Coordinator 
based at CIAT facilitate collaboration in germplasm exchange and evaluation. 
The CGIAR endorsed the 1986 TAC recommendation that rice research in the CGIAR System 
should move towards more basic research because fulller exploitation of genetic diversity was perceived to 
be fundamental to achieving higher and more stable yiields, durable resistance to major pests and diseases, 
and better drought tolerance. Also, it would be necessary to develop new and better breeding techniques, to 
increase knowledge of the factors determining resistan.ce and tolerance, and to raise yield potential using 
biotechnology. TAC therefore recommended that the CGIAR System should emphasize strategic rice 
research (defined as mission-oriented basic research), which in turn will catalyse and complement basic 
research in advanced institutes, and play an active role m encouraging the application of new techniques to 
the rice production problems of developing countries. TAC noted that almost half of the global area under 
rice production is located in the rainfed lowland and upland rice systems, where production constraints are 
more complex than those of irrigated rice, and the knowledge base for research is limited. Consequently, 
the CGIAR emphasis has been shifting towards rainfed rice systems for reasons of equity and sustainability. 
In 1991, the CGIAR allocated 20.4 percent of its core resources to rice research. The relative 
regional distribution was 61 percent to Asia, 19 percent to sub-Saharan Africa, 16 percent to Latin America 
,and the Caribbean, and 3 percent to West Asia-North Africa. In the recently completed exercise on CGIAR 
research priorities, endorsed by the CGIAR at its May 1992 Mid-Term Meeting at Istanbul, TAC 
recommended a continuation of current levels of CGL4R investment in rice research, but a shift in focus 
towards more strategic germplasm and crop improvement research necessary to lift the yield ceiling of the 
crop, and to sustain current yield levels. 
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Appendix E - Inter-Centre Review of Rice: Terms of Reference 
The purpose of the Review is to assist TAC to formulate a global strategy for rice research in 
the CGIAR System. The Panel should give special consideration to the following: 
1. Synthesize and highlight key indicators on the production, consumption, and trade of rice in 
developing countries. 
2. 
3. 
4. 
5. 
Review research and related activities on rice in national programmes of developing countries, 
CGIAR centres, other international agencies, bilateral programmes, private sector, and 
advanced institutions. 
Discuss needs of developing countries for rice research, and identify the aspects most suitable 
for international efforts. 
Assess strengths and weaknesses of the current distribution of responsibilities for rice research 
among CGIAR centres. 
Make recommendations for future systemwide priorities and strategies in rice research within 
the CGIAR System and analyse appropriate institutional options for implementing them. 
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Appendix F - Panel Composition and Biographical Information 
Chairman 
Professor Grant Scobie 
Department of Economics 
University of Waikato 
Private Bag 3105 
Hamilton, New Zealand 
Dr. Donald McDonald 
Regional Director 
NS W Agriculture 
(161 Kite Street) 
Locked Bag’ No. 1 
Orange, NSW 2800 
Australia 
Resource Person 
Dr. Guido Gryseels (Panel Secretary) 
Deputy Executive Secretary 
Technical Advisory Committee/CGIAR 
Research and Technology 
Development Division, FAO 
Via delle Terme di Caracalla 
00100 Rome, Italy 
Members 
Professor Robert Willey 
Overseas Development Group 
University of East Anglia 
Norwich NR4 7TJ 
England, UK 
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Name: Grant MacDonald Scobie (New Zealand) 
Position: Professor and Chairperson, Department of Economics, University of Waikato, 
Hamilton, New Zealand 
Education: B.Ag.Sc (1963) Massey University, New Zealand 
M.Ag.Ec (1969) University of New England, Australia 
Ph.D. (1973) North Carolina State University, USA 
Expertise: Economics of R&D; Science Policy; Trade and Macroeconomic Policy in Developing 
Countries 
Experience: 1963-69: 
1973-76: 
1976-82: 
1980-81: 
1982-86: 
1986-90: 
1986-90: 
Principal Research Officer, Bureau of Agricultural Economics, 
Canberra 
Senior Economist, Rice Program, CIAT 
Assistant/Associate Professor, NC State Unversity 
Visiting Research Fellow, IFPRI, Washington, DC 
Senior Economist, Ruakura Agricultural Research Centre, New 
Zealand 
Founding Partner, SER Economic Consultants, New Zealand 
Senior Staff Economist, Sigma One Corporation, USA (part time) 
Extensive consulting experience in Egypt, Jordan, Tanzania, Guatemala, Honduras, El Salvador, Peru, 
Argentina, Chile, Australia. Consultant to CGIAR Secretariat, 1979. Consultant to TAC Working Party on 
Upland Rice Research, 1980. Consultant to CIMMYT, 1982. Consultant to CGIAR Impact Study, 1985. 
Member Second EPR of ICARDA (1988). Consultant to ACIAR to review study on research priorities 
(1990). 
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Name: Donald J. McDonald (Australia) 
Position: Regional Director, Department of Agriculture, Orange, New South Wales (NSW), 
Australia 
Education: B.!k. Agr. (1957), M.S. Agr. (1968), University of Sydney; Ph.D. (1971) Genetics 
and Plant Breeding, Texas A&M University 
Expertise: Rice Breeding, Agronomy, Research Management 
Experience: 1957-73; Rice Breeder and Research Agronomist, Agricultural Research 
Centre, Yanco, NSW 
1973-81; Regional Director of Research, Agricultural Research Centre, 
Yanco, NSW 
1978-83; Research Specialist, World Bank/UNDP Rice Seed Production 
Project, Burma 
Since 198 1; Present position 
Initiated rice breeding programme in 1959 and bred Australia’s first long grain rice variety sown to 40% of 
the total rice ares in 1970s. Major role in breeding second generation Australian rice varieties. Pioneered 
the study and application of aerial seeding techniques. Extensive research in soil nitrogen requirements, 
crop physiology and crop management. 
International experience covers Bangladesh, Burma, China, Philippines, Thailand, Sri Lanka, Japan, USA. 
Member of the external review team for review of Bangladesh Rice Research Institute (1982). Consultant 
to ACIAR on projects in Burma and Thailand. Member of the Panel which conducted the Third External 
Programme and Management Review of the West Africa Rice Development Association (WARDA) 
(1992-93). 
Name: Robert Wilson Willey (UK) 
Position: Professorial Fellow, Overseas Development Group, University of East Anglia, 
Norwich. Special Professor in Agronomy, University of Nottingham 
Education: B.Sc. (1960), University of Nottingham; Ph.D. (1965), University of Leeds; D.Sc. 
(199 l), University of Nottingham 
Expertise: Agronomy/Cropping Systems 
Experience: Universitv Positions 
1960-64; University of Leeds 
1965-69 & 
1973-76; University of Reading 
1969-73; Makerere University, Uganda 
1982-83; Cornell University, USA (Sabbatical) 
1984-89; Professor of Development Studies (Natural Resources), University 
of East Anglia, Norwich 
Since 1990; Present position 
Research Positions 
1976-84; Principal Agronomist, ICRISAT 
1988-: Coordinator of ODA-funded Eastern India Rainfed Farming Project. 
Developing country experience in Africa, Asia and Latin America. 
Member of the Fourth External Programme and Management Review Panel of the International Rice 
Research Institute (IRRI) (1992). 
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Appendix G - Institutions Visited and Individuals Met by the Panel 
1. CHINA (IO-11 April 1992) 
China Academv of Aericulturai Science (CAAS) 
Dr. Wang Lianzheng, President 
Dr. Lliang Keyong, Vice President 
Dr. Shen Jinpu, Deputy Director 
Institute of Crop Breeding and Cultivation 
Dr. Wang Bujun, Assistant Professor 
Dr. Ling Zhong Zhuan, Assistant Professor 
Institute of Crop Germplasm Resources 
Dr. Lou Xizhi. Director 
Soil and Fertilizer Institute 
Dr. Lin Bao, Director 
Chinese Academy of Agricultural Mechanization Sciences (CAAMS) 
Mrs. He Zhangling, Senior Engineer 
Mr. Hongyong Wang, Engineer 
China National Rice Research Institute (CNRRI) 
Dr. Zhen-Min Xiong, Director General and Professor of Breeding and Genetics 
Dr. Min Shao-Kai, Deputy Director General and Professor of Plant Breeding 
Dr. Ying Cun Shan, Deputy Director General and Professor of Agronomy 
Dr. Hu Guoem (Botanic Pest Control) 
Dr. Zhang Bao Zhao (Agricultural Engineering) 
2. COTE D’IVOIRE (3-7 May 1992) 
WARDA, BouakB 
Dr. E. Terry, Director General 
Dr. P. Matlon, Director of Research 
Dr. P. Mather, Development Officer 
Dr. K. Akuffo-Akoto, Financial Controller 
Institut des Savanes (IDESSA), Bouak6 
Dr. K. Goli, Director 
Dr. F. Coulibaly, Deputy Director 
Dr. Y. N’Guessan, Head Cereals Department 
Dr. M.Y. Coulihaly, Breeder 
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contd. IDESSA 
Dr. A.L. N’Cho, Physiologist 
Mr. K.P. Akanza 
Mr. N. Ildefonse 
Conference des Resnonsables de la Recherche Agronomioue Africaine (CORAF), Bouake 
Dr. A.L. N’cho, Coordinator, Rice Research Network 
3. NIGERIA (8-11 May and 20-23 August 1992) 
International Institute of Tronical Agriculture (IITA). Ibadan 
Dr. L. Brader, Director General 
Dr. M.D. Winslow, Leader, Maize Improvem,ent Programme, and Interim Director, Crop 
Improvement Programme 
Dr. D. Spencer, Head Crop Resource Management Programme 
Dr. A.P. Uriyo, Head, Project Development IJnit, International Cooperation Programme 
Dr. J. Gulley, Group Training Coordinator 
Dr. A.M. Imc, Agricultural Economist and Cmoordinator of the Inland Valley Research Group 
Dr. 1.0. Akobundu, Weed Scientinst and Leader, Moist Savannah Programme 
Mr. C. Okafor, Administrative Manager, Individual Training 
Dr. M. Jones 
Dr. N. Ng, Head, Genetic Resources Unit 
Mr. D.C. Couper, Head, Research Farms Unit 
National Cereals Research Institute, Badeggj 
Dr. B. Wudiri, Director 
Dr. P.O. Imeokparia, Weed Scientist 
Mrs. J.K. Kehinde, Agronomist 
Mrs. C.C. Nwaokoma, Breeder 
Mr. 0. Ojehomon, Food Biochemimst 
Mr. W.N. Umeh, Agronomist 
Mr. A.I. Gatawa, Water Management 
Mr. E. Akpomudjere, Microbiologist 
Mr. A.T. Maji, Breeder 
Mr. E.A. Maji, Pathologist 
INGER - Africa. IITA 
Dr. K. Alluri. IRRI Liaison Scientist and Coordinator 
WARDA Lowland Breeding Programme. IITP! 
Dr. B.N. Singh, Lowland Rice Breeder 
4. NETHERLANDS (12 May 1992) 
ISNAR 
Dr. C.H. Bonte-Friedheim, Director General 
Dr. P. Pardey, Senior Research Officer 
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5. PHILIPPINES (lo-11 April and 13-17 May 1992) 
International Rice Research Institute (IRRI) 
Dr. K.J. Lampe, Director General 
Dr. F.A. Bemardo, Deputy Director General for International Programmes 
Dr. K.S. Fischer, Deputy Director General for Research 
Dr. M.T. Jackson, Head, Genetic Resources Centre 
Dr. V.R. Carangal, Agronomist and Coordinator, ARFSN 
Dr. R.S. Zeigler, Programme Leader, Rainfed Lowland Rice 
Dr. D.V. Seshu, Plant Breeder and INGER Coordinator 
Dr. S.W. Ahn, Plant Pathologist, Genetic Resources Centre 
Dr. M.A. Arraudeau, Visiting Scientist and Programme Leader, Upland Rice Ecosystem 
Dr. D.L. Umali, Consultant 
Dr. P.S. Teng, Plant Pathologist and IPM Coordinator 
Dr. S.S. Virmani, Plant Breeder, Plant Breeding, Genetics and Biochemistry Division 
Dr. K.G. Cassman, Head, Agronomy, Plant Physiology and Agroecology Division 
Dr. K. Alluri, Liaison Scientist and INGER Regional Coordinator for Africa 
Dr. P.L. Pingali, Agricultural Economist & Programme Leader, Irrigated Rice Ecosystem 
Philinnine Rice Research Institute (PhilRice) 
Dr. S. Obien, Director 
Mr. R. Beronio, Deputy Director for Administration 
Mr. H. de la Cruz, Head, Plant Breeding 
Mr. E. Bautista, Head, Agricultural Engineering 
Mr. D. Israel, Social Science Policy Research 
Dr. T. Metra, Soil Science Research Specialist 
Mr. J. Tepora, Consulting Scientist 
Ms. J. Recta 
Mr. F. Olivares 
Mr. G. Estoy 
Mr. R. Bondad 
NGO Representatives, Manila 
Ms. N. Abergas, Agency for Community Educational Services Foundation 
Ms. B. Garcia, Congress for People’s Agrarian Reform 
Mr. A. Ridao, PHILDHARAIACES Foundation Sustainable Agriculture Coalition 
Mr. N. Perlas, Centre for Alternative Development Initiatives 
Central Luzon State University (CLSU) - ICLARM-IRRI Rice-Fish Project 
Dr. R. Sevilleja, Director of Fresh Water Aquaculture Centre, CLSU 
Dr. C. de la Cruz, Consultant, ICLARM 
Dr. C. Lightfoot, Senior Scientist, ICLARM 
Dr. Pullin, Director of Aquaculture Programme, ICLARM 
IRRI - Universitv of the Philippines at Los Bafios (UPLB) - Department of Agriculture Upland Rice 
Proiect. Santa Barbara, Pangasinan 
Dr. C. Sevilla, Assistant Professor, Institute of Animal Science, UPLB 
Mr. J. Aquino, Research Assistant, Department of Agriculture (Region 1) 
Ms. J. Luis, IRRI Research Assistant 
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Swiss Develoument Comoration 
Dr. R. Wilhelm, Team Leader, Laos Country :Project Review 
6. International Board for Plant Genetic Resource; (IBPGR) (7 July 1992) 
Mr. D.H. van Sloten, Deputy Director 
Dr. J.M.M. Engels, Group Leader, Germplasm Maintenance and Use Group 
7. EGYPT (25-28 July 1992) 
National Agricultural Research Centre, Mini&v of Agriculture 
Dr. A. Beltagy, Director General 
Dr. M. Gomaas, Deputy Director General 
Dr. M.S. Balal, Director, Rice Research and Development Programme 
Rice Research and Training Centre, Sakha 
Dr. F.N. Mahrous, Director 
Dr. M.A. Maximos, Senior Breeder 
Dr. A.A. El-Hisseway, Plant Breeder 
Dr. I.R. Aidy, Plant Breeder 
Dr. A.E. Draz, Plant Breeder 
Dr. A.O. Bastawisi, Plant Breeder 
Dr. A.E. El-Tantawy, Agronomist 
Dr. S. Ghanem, Agronomist 
Dr. A.A. El-Rahaman, Agronomist 
Dr. M.A. Nour, Agronomist 
Dr. A. Ezzat, Agronomist 
Dr. R. Sehly, Plant Pathologist 
Dr. Z.H. Osman, Plant Pathologist 
Dr. A.M. Soliman, Plant Entomologist 
Dr. S. Hassan, Weed Scientist 
Mr. M. El-Chiaty, Extension Officer 
Mr. A.E. El-Masry, Extension Officer 
USAID. Cairo 
Mr. D. Clerk, Head of Mission 
Dr. W. MacCuiston, Research Adviser, National Agricultural Research Programme 
Mr. R.W. Roseguie, Project Officer 
IRRI Countrv Proiect Team 
Dr. D. HilleRisLambers, Plant Breeder 
Dr. A.N. Rao, Weed Scientist 
Institutions and Zndividuals 77 Appendix C 
8. SENEGAL (12-15 August 1992) 
Ministrv of Rural Develooment and Hvdraulics. Dakar 
Mr. M. Diouf, Directeur de Cabinet par interim 
Mr. I. Dieye, Conseiller Technique 
Conference des Resnonsables de la Recherche Aeronomiaue Africaine (CORAF). Dakar 
Dr. N. Mbaye, Executive Secretary 
Institut SBneaalais de Recherches Agricoles (ISRA). Dakar and St. Louis 
Dr. M.H. Ly, Director General 
Dr. M. N’Doye, Scientific Director 
WARDA Sahel Programme. St. Louis 
Dr. K. M&an, Programme Leader and Breeder 
Dr. M. Dingkuhn, Physiologist 
So&X Nationale d’Am6nagement et d’Exnloitation des Terres du Delta du Fleuve Senegal et des 
Vall6es du Fleuve Senegal et de la FalBme (SAED). N’Diave 
Mr. M. Samba, Secretary General 
Mr. B. Kane, Director 
Mr. A. Diallo, Zoologist 
Mr. E.H. Toure, Agricultural Economist 
Mr. S. Camara, Sociologist 
Mr. B. Sy, Civil Engineer 
Mr. D. Raes, Rural Engineer 
Mr. M. Ngom, Technician 
9. SIERRA LEONE (17-18 August 1992) 
Ministry of Agriculture. Forestrv and Fisheries, Freetown 
Lt. Col. A.K. Sesay, Secretary of State 
Mr. P. Sherrif, Permanent Secretary 
Mr. C.B. Sesay, Director General 
Seed Multi&z&ion Pro&t, Ministrv of Agriculture. Forestrv and Fisheries, Freetown 
Dr. P. Schriider, Project Manager 
Mr. A.B. Kargbo, Deputy Project Manager 
National Agricultural Research Coordinating Council (NARCC), Freetown 
Dr. R.A.D. Jones, Executive Secretary 
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Rokuor Rice Research Station 
Dr. S. Monde, Director 
Mr. H. M. Bernard, Weed Scientist 
Dr. S.N. Fomba, Pathologist 
Mr. J.M. Kallon, Agronomist 
Mr. A.B. Conteh, Farm Management 
Mr. M.S. Mansaray, Plant Breeder 
Dr. S.D. Johnson, Agronomist/Physiologist 
Mr. A. H. Hilton-Lahai, Rice Breeder 
Mr. AS. Ngaujah, Biometrician in Training 
Mrs. A. M. Kallon, Extension Agronomist 
Mr. L. Conteh, Student 
WARDA Mangrove Programme. Rokunr 
Dr. M. Agyen-Sampong, Network Coordinator and Entomology 
Dr. R. Guei, Breeder 
10. UNITED KINGDOM (1 September 1992) 
Overseas Development Administration 
Mr. A. Bennett, Under Secretary 
Natural Resources Institute 
Dr. J. Holt 
Dr. D. Padgam 
Ms. J. Smith 
Dr. I. Grant 
Dr. C. Meir 
11. BRAZIL (30 November - 5 December 1992) 
EMBRAPA. Pelotas 
Dr. A. Gomes, Director 
Dr. A.L. Terres, Breeder 
Dr. V. Anurade, Weed Scientist 
IRGA, Port0 Alegre 
Dr. E.L. Kersting, Director and Coordinator of Rice Research Station 
Mr. P.S. Carmona, Breeder 
Mr. M.M. Fischer, Mechanical Engineer 
Mr. S.I.G. Lopes, Agronomist (Soil Management) 
Mr. J.A.B. de Souza, Seed Multiplication and Quality 
Mr. C. Fischner, Farmer 
Mr. R. J. Aeger, Extension Agent 
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EMBRAPA - CNPAF. Goiania 
Dr. P.A.A. Pereira, Research Director 
Dr. B. da S. Pinheiro, Plant Physiologist 
Dr. A. S. Filho, Weeds 
Dr. J. Kluthcouski, Farming Systems 
Dr. P. de C.F. Neves, Rice Breeder, Hybrid Rice 
12. COLOMBIA (8-12 December 1992) 
Centro Intemacional de Agricultura Tronical (CIAT), Cali 
Dr. G. Nores, Director General 
Dr. F. Torres, Deputy Director General 
Dr. F. Kramer, Deputy Director General 
Dr. M.D. Winslow, Leader, Rice Program 
Dr. F. Cuevas, INGER, IRRI Liaison 
Dr. S. Lapointe, Entomologist 
Dr. M. Levy, Population Biology/Rice Blast Biotechnology 
Dr. J. Tohme, Geneticist, Biotechnology Unit 
Dr. M. Chatel, Breeder, Upland Rice 
Dr. F. Correa, Pathologist 
Dr. A. Fischer, Crop Physiology, Crop-Weed Competition 
Dr. Z. Lentini, Cell of Tissue Culture Specialist 
Dr. A. Ramirez, Agricultural Economist 
Dr. C.P. Martinez, Breeder, Irrigated Rice/Anther Culture 
Dr. A. Pantoya, Entomologist - IPM 
Dr. J.L. Armenta, Network Coordinator (CRIW) 
Dr. E. Guimavaes, Plant Breeder 
Dr. K. Okada, Physiologist 
Dr. L. Calve& Molecular Virologist 
Dr. G. Hgbich, Director, Training and Communications Support Program 
FEDEARROZ 
Dr. Rafael Hemandez Lozano, Gerente General 
Dr. Nestor Gutierrez Aleman, Director, Division Investigaciones Economicas 
Dr. Fabio Montealegre, Director de la Division de Investigation 
Mr. Alvaro Salive, Ing. Agronomo, Division de Investigation 
Dr. B. Dorance Muiioz, Subgerente Tecnico 
Mr. Gabriel Robayo, Asistente de1 Subgerente Tecnico 
Dr. Luis Eduardo Chavez, Jefe, Division de Capacitation de Asesoria Agropecuaria 
Dr. Dario Leal, Director National, Programa de Arroz 
Dr. Anibal Tapiero, Jefe, Section de Fitopatologia 
Dr. Jairo Velasquez, Subgerente de Transferencia de Tecnologia 
Dr. Ricaurte Vargas Bonilla, Director de la Escuela de Postgrado, Univ. de1 Tolima 
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13. USA (14-15 December 1992) 
International Food Policy Research Institute (IFPRI), Washington 
Dr. P. Pin&up-Andersen, Director General 
Dr. Nutul Islam, Special Adviser to the Director General 
Dr. H. Bouis, Research Fellow 
Dr. C. Delgado, Research Fellow 
Dr. M. Rosegrant, Research Fellow 
Dr. M. Svendseu, Research Fellow 
Dr. F. Goletti, Research Analyst 
Consultative Group on International Agricultural Research (CGIAR) Secretariat 
Mr. A. von der Osten, Executive Secretary 
Dr. D. Plucknett, Science Adviser 
Dr. S. Ozgediz, Management Adviser 
Dr. M. Collinson, Science Adviser 
Mr. G. McNeil, Finance Offcer 
Prof. L. Hardin 
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African Development Bank 
Agroecological Zone 
African Mangrove Swamp Rice Observatory Nursery 
Asian Rice Farming Systems Network 
China Academy of Agricultural Science 
Chinese Academy of Agricultural Mechanization Sciences 
Consultative Group on International Agricultural Research 
Centro Intemacional de Agricultura Tropical 
Centre de Cooperation Intemationale en Recherche Agronomique pour le 
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Central Luzon State University 
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Eastern, Central and Southern Africa 
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